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ABSTRACT
The Abbotsford-Sumas aquifer is a primarily unconfined aquifer, located in 
Whatcom County, WA, with a history of nitrate contamination. Whatcom County is a 
large producer of raspberries and contains numerous dairy farms. Both of these 
agricultural practices involve large quantities of nitrates being produced or used for 
fertilization. A two-year ground water monitoring program was conducted in 1997 and 
1998 by Western Washington University in order to determine the spatial and temporal 
extent of the nitrate contamination. Possible trends in nitrate concentrations may be 
associated with ground water movement, chemical and biological nitrate reduction 
processes, seasonality and land use.
Exploratory univariate, bivariate and multivariate statistical analyses were utilized 
to determine the dominant processes affecting nitrate concentrations in the study area. 
Nitrate concentrations in shallow wells were associated with local agricultural practices 
and nitrate concentrations in deeper wells were associated with agricultural practices 
occurring up-gradient in Canada. Differentiating land use based on nitrate concentrations 
was determined to be inconclusive. Denitrification was occurring in over half of the 
wells in the study area. Several types of nitrate concentration trends were observed: 
higher nitrate concentrations in the fall and winter due to nitrification in the spring and 
summer; higher nitrate concentrations in the spring and summer due to nitrogen inputs; a 
steady increase or decrease in nitrate concentrations; no detectable nitrate concentration. 
Multivariate statistical analyses confirmed that there was not one dominant process 
affecting nitrate concentrations in the Abbotsford-Sumas study area; therefore, nitrate 
concentration trends are due to a combination of processes.
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1. INTRODUCTION
The Abbotsford-Sumas aquifer is a predominantly unconfined aquifer located in 
southwest British Columbia and Whatcom County, Washington (Figure 1). The aquifer 
serves as a water supply for nearly 10,000 people in the U.S. and about 100,000 people in 
Canada (Abbotsford-Sumas Aquifer Status Report, 1996). The highly productive soils in 
the area make it conducive to agricultural practices such as berry production and dairy 
farming. Both of these practices involve large quantities of nitrates being produced or 
used for fertilization. The intensive agricultural practices combined with the high 
precipitation and permeable soils in the area make the ground water in the Abbotsford- 
Sumas aquifer extremely vulnerable to nitrate contamination.
Elevated nitrate levels, greater than the U.S. Environmental Protection Agency 
(EPA) limit of 10 mg/L, have been measured in the Abbotsford-Sumas aquifer for several 
decades (Liebscher et al., 1992). Agricultural practices have been thought to be the 
leading cause of these elevated nitrate concentrations by numerous researchers (Liebscher 
et al., 1992; Erickson, 1998; and Cox and Kahle, 1999). Erickson (1998) sampled the 
ground water in the aquifer from February 18 to April 29, 1997 to examine nitrate 
concentrations during the spring. He discovered a range of concentrations, from less than 
the detection limit (0.01 mg/L) to 53 mg/L. The higher concentrations (greater than 10 
mg/L) were spatially associated with raspberries fields and dairy farms. Liebscher et al. 
(1992) used ground water data from 1955 to 1990 to study nitrates and pesticides in areas 
near raspberry fields in the Abbotsford-Sumas aquifer. Five areas were identified where 
nitrates exceeded 20 mg/L. Sources were interpreted to be manure stockpiles, fertilizing, 
septic effluent and chemical fertilizers. Cox and Kahle (1999) calculated a nitrogen 
balance and found that elevated nitrate levels throughout the Abbotsford-Sumas aquifer 
were mostly due to agricultural practices.
Nitrogen isotopes have also been used to determine sources of nitrate 
contamination in the Abbotsford-Sumas aquifer. Wassenaar (1995) studied the sources 
of nitrate in the Canadian portion of the aquifer using *^ N and isotopes. He found 
that nitrate was mostly derived from poultry manure and to a lesser extent from synthetic 
fertilizers. Nanus (written communication, 2000) used ^^ N isotopes to determine the 
source of nitrate contamination in a portion of the Abbotsford-Sumas aquifer located in
the United States. The isotope results revealed that nitrate sources were mostly derived 
from synthetic fertilizers and mixed sources and, to a lesser extent, from animal sources.
Land use and aquifer characteristics may also be included in a ground water 
monitoring data set to analyze the degree of nitrate contamination in an aquifer. For 
example, Tesoriero and Voss (1997) constructed a nitrate probability map for the Puget 
Sound Basin using data from over 3000 wells. The probability model utilized well depth, 
surficial geology, and percent of urban or agricultural land within a 3.2-kilometer radius 
to determine the susceptibility of an area to nitrate contamination. Tesoriero and Voss 
(1997) demonstrated that the Abbotsford-Sumas aquifer was located in an area with high 
susceptibility to nitrate contamination. Morgan (1999) used data from three separate 
state agencies to determine areas of the Nooksack watershed that were vulnerable to 
ground water contamination. This GIS project utilized surficial geology, soils, and land 
use to identify ground water conditions. Again, the Abbotsford-Sumas aquifer was found 
in a high contamination risk area.
In 1997 Western Washington University started a two-year ground water 
monitoring project in a 4 square mile area of the Abbotsford-Sumas aquifer just west of 
the city of Sumas, WA (Figure 2) that was funded by the State of Washington 
Department of Ecology Centennial Clean Water Fund. Several research projects have 
evolved from this one monitoring project. Stasney (written communication, 2000) 
investigated the hydrostratigraphy and ground water flow dynamics of the area and how 
they influence the transport of nitrates. Nanus (written communication, 2000) 
investigated varying nitrate concentrations as a function of time, climate, and land use, 
and also studied sources of nitrate contamination by using nitrogen isotopes.
My research project on the Abbotsford-Sumas aquifer examined the spatial and 
temporal properties of the nitrate contamination problem in the Abbotsford-Sumas study 
area by combining information gathered by myself, Stasney (written communication, 
2000) and Nanus (written communication, 2000) and performing exploratory statistical 
analyses. Variables such as seasonality, precipitation, land use, type of aquifer material 
and soil type were added to the collected data set to examine their relationship to nitrate 
concentrations. The results of the univariate and multivariate statistical analyses were
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used to hypothesize about the processes affecting the quality of ground water in the 
Abbotsford-Sumas aquifer, and to distinguish local nitrate sources from Canadian 
sources. Ground water movement, reduction processes, temporal and seasonal trends, 
and land use were related to nitrate concentrations in the study area.
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2. BACKGROUND
2.1 Location of the Abbotsford-Sumas Study Area
The Abbotsford-Sumas aquifer occupies approximately 100 square miles in 
southwest British Columbia, Canada, and extends across the international boundary into 
Whatcom County in Washington State (Figure 1). The study area for my project 
consisted of 4 square miles of the Abbotsford-Sumas aquifer in Northern Whatcom 
County, west of the city of Sumas and bordering on Canada (Figure 2).
2.2 Geology
The Abbotsford-Sumas aquifer is part of an elongate sedimentary trough that 
formed during the tectonic activity of the late Mesozoic and early Cenozoic. This 
tectonic activity also produced the Coast and Cascade Ranges, which eventually eroded, 
leading to deposition of large quantities of sediment in the basin. These sediments were 
consolidated and deformed and have become the bedrock of the area (Cox and Kahle, 
1999).
Glaciers present during the Pleistocene deposited sediments in the Abbotsford- 
Sumas area. The last major phase, the Fraser glaciation, which began 20,000 years ago 
and ended 10,000 years ago, formed the Abbotsford-Sumas aquifer. Three stades of the 
Fraser glaciation are apparent in the area. The first is the Vashon stade (20,000 to 13,000 
years ago), when the ice sheet was at its maximum. The till deposited from the Vashon 
stade consisted of well-compacted pebbles and cobbles imbedded in a clay matrix 
(Easterbrook, 1971). The second stade, called the Everson Interstade (13,000 to 11,500 
years ago), occurred when the ice melted to only a few hundred feet thick and floated on 
the land. The Everson Interstade consisted of three episodes. During the first episode, a 
pebbly silt and clay, known as the Kulshan glaciomarine drift was deposited. Sand, 
gravel and peat was deposited on top of the Kulshan glaciomarine drift during the second 
episode. The third episode consisted of the deposition of a pebbly silt and clay unit, 
known as the Bellingham glaciomarine drift (Easterbrook, 1971). The Kulshan and 
Bellingham glaciomarine drifts are thought to be the confining units of the Abbotsford- 
Sumas aquifer system. The third stade, the Sumas stade (11,500 to 10,000 years ago), 
produced melt-water streams that deposited outwash gravel from Canada to Lynden and
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Everson to Femdale. The outwash grades from gravel near the margin of the ice, to sand 
near Lynden and is the water-bearing unit of the Abbotsford-Sumas aquifer system 
(Easterbrook, 1971). Peat deposits also accumulated during this time in former outwash 
channels and low-lying depressions and can be seen around Judson Lake, Pangbom Lake 
and in the southwestern portion of the study area (Cox and Kahle, 1999).
2.3 Soils
Six types of soil are found in the Abbotsford-Sumas study area. The soil 
descriptions discussed below were taken from the 1992 Soil Survey of Whatcom County 
Area. A summary of the soil descriptions at each well site is given in Appendix A, and 
Figure 3 shows the location of the soil types. Pangbom muck is a very deep and poorly 
drained soil. It formed in herbaceous and woody organic deposits and is artificially 
drained in many areas. The permeability is moderate, from 0.6 to 2.0 inches per hour, 
throughout the soil layer (Goldin, 1992). Jug very gravelly loam is a deep, excessively 
drained soil and is a mixture of volcanic ash and glacial outwash over glacial outwash. 
The permeability is moderately rapid in the upper part of the soil and very rapid, greater 
than 20 inches per hour, in the substratum (Goldin, 1992). The Clipper silt loam is a 
deep, poorly drained soil. It consists of a mixture of loess and volcanic ash over glacial 
outwash. The permeability is moderate in the upper part of the soil and rapid in the 
substratum. Kickerville silt loam on 3-8% slopes is a deep, well-drained soil and consists 
of a mixture of loess and volcanic ash over glacial outwash. The permeability is 
moderate in the upper soil, and very rapid in the substratum. Kickerville silt loam on 8- 
15% slopes is a very deep and well-drained soil and also consists of a mixture of loess 
and volcanic ash over glacial outwash. The permeability is moderate in the upper soil 
and very rapid in the substratum. Skipopa silt loam is only found in the southeastern 
portion of the study area. It is a deep and somewhat poorly drained soil composed of 
loess and volcanic ash over glacialacustrine deposits. The permeability is very slow 
throughout the soil layer.
2.4 Climate
Pacific maritime air and the Cascade and Rocky Mountains influence the 
temperate climate in the Abbotsford-Sumas study area, which prevents cold air masses
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from moving into Washington (Goldin, 1992). The average summer temperature is 61°F 
and the average winter temperature is 38°F. Extreme temperatures may occur during the 
summer or winter due to the intrusion of continental air masses from the east (Goldin, 
1992). Seventy percent of the annual rainfall occurs from October to March. During the 
summer, rainfall is light, so crops actively growing during this period may need 
irrigation. Snow is uncommon in the Abbotsford-Sumas study area, with two or fewer 
days per year with at least one inch of snow on the ground (Goldin, 1992).
The average yearly temperatures during the sampling period of 1997 (51.7°F) and 
1998 (52.0°F) were comparable to the average 30 year temperature of 49.8°F and 
followed the same distribution (Figure 4) (National Climatic Data Center, Clearbrook, 
WA). The total precipitation in 1997 (61.4 inches) was higher than the average 30-year 
precipitation of 45.8 inches (National Climatic Data Center, Clearbrook, WA). Increased 
amounts of precipitation were seen during the months of January, March and September 
of 1997 (Figure 5). In 1998 the total precipitation of 46.2 inches was closer to the 30- 
year average, with higher precipitation amounts seen in November and December.
2.5 Hydrology
Two larger bodies of water are located in the study area, Judson Lake and 
Pangbom Lake. These lakes formed in glacial depressions and contain peat deposits. 
Additional surface water in the study area consists of Pangbom Creek, which drains 
Pangbom Lake and flows east towards Johnson Creek, and a smaller, unnamed creek that 
also flows east into Johnson Creek (Figure 2).
2.6 Hydrogeology
There are six geologic units in the study area that can be grouped into two 
hydrogeologic units: the Sumas aquifer and the Sumas aquitard (Stasney, written 
communication, 2000). The Sumas aquifer includes: the Sumas outwash gravel and sand, 
which consists of fine to coarse gravel with sand, pebbles, cobbles and boulders; the 
Sumas outwash sand, which consists of sand lenses, 5 to 20 feet thick distributed 
throughout the study area; and peat deposits, which are found in and around Pangbom 
and Judson Lakes. The Sumas aquitard consists of geologic units that have low hydraulic 
conductivities. This includes ice contact deposits, found near the eastern edge of the
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area, which are composed of lenses of sand, gravel and clay or silt; and the Kulshan and
's
Bellingham glaciomarine deposits that are approximately 213 feet to 340 feet below land 
surface. Figure 6 shows the surficial geology of the Abbotsford-Sumas study area.
Water table elevations during the study period were found to be highest in fall of 
1997 the spring of 1998 and lowest during the winters of 1998 and 1999 (Stasney, written 
communication, 2000). Figures 7 and 8 show the water table elevations for Spring and 
Winter 1997. The movement of ground water is known to be perpendicular to the 
direction of the water table contours; therefore, from Figures 7 and 8, it can be seen that 
the ground water flow in the study area is generally towards the southeast (Creahan,
1988; Kahle, 1990; and Stasney, written communication, 2000).
The ground water velocity in the study area is variable due to the varying 
hydraulic conductivities and gradients within the aquifer. The outwash of the 
Abbotsford-Sumas aquifer is composed of sand and gravel, with lenses of clay, till and 
peat, which causes locally confined or perched ground water conditions. Therefore, the 
hydraulic conductivity and the linear velocity are not consistent across the aquifer. Cox 
and Kahle (1999) determined that the ground water velocity in the Abbotsford-Sumas 
aquifer ranged from 0.14 to 35 feet per day, with a median of 2 feet per day. Stasney 
(written communication, 2000) calculated an approximate linear ground water velocity in 
the study area of 20 feet per day, which is within the range determined by Cox and Kahle 
(1999).
Recharge of the Abbotsford-Sumas aquifer is mainly due to precipitation, which 
results in direct infiltration of water into the aquifer. The rate of recharge is controlled by 
precipitation rates, the permeability of the soil and evapotranspiration (Cox and Kahle, 
1999). Recharge is also reduced in peat areas due to its characteristically low 
permeability (Cox and Kahle, 1999). Discharge occurs through artificial drainage, 
springs, transpiration by plants, evaporation, withdrawal from wells and seepage to 
rivers, lakes and streams (Cox and Kahle, 1999).
2.7 The Nitrogen Cycle
Nitrogen, in the form of nitrate (NO3 ) or ammonium (NH^ '*^ ), is essential for plant 
growth and is contained in organic and inorganic fertilizers. The nitrogen cycle consists
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of a number of hydrologic, chemical or biological processes that convert nitrogen into 
nitrate, nitrite, ammonium, nitrogen gas or nitrous oxide. As defined by Canter (1997), 
transformation of nitrogen can occur by:
1. Fixation. The process of fixing nitrogen by combining gaseous nitrogen into 
ammonium.
2. Synthesis. A biochemical process that uses ammonium or nitrate to form 
plant proteins or other nitrogen-containing compounds.
3. Ammonification. The process of altering organic nitrogen into ammonium by 
bacteria. This occurs during the decomposition of plants, animals and animal 
fecal matter.
4. Nitrification. The biological oxidation of ammonium ions. This is a relatively 
fast reaction that occurs in two steps: ammonium and oxygen produce nitrite 
and oxygen, which then produce nitrate.
5. Denitrification. The biological and chemical reduction of nitrate into nitrogen 
gas.
Figure 9 shows the atmospheric and subsurface nitrogen cycle.
2.7.1 Reduction of Nitrates
Nitrate is the most common nitrogen compound that can be leached into the 
ground water. Other forms of nitrogen, such as ammonium and nitrite, are rarely leached. 
Ammonium has a positive charge, which results in immobilization by clay minerals and 
nitrite is rare in soils and ground water. Therefore, synthesis and denitrification are 
important biological processes that may reduce nitrate concentrations. The synthesis 
process results in no long-term improvement in nitrate concentrations because the 
transformation of nitrate or ammonium into organic nitrogen is reversible; the organic 
nitrogen can later be transformed back into nitrate. Denitrification is the only mechanism 
that may give a significant long-tem reduction of nitrate concentrations due to the faet 
that the reactants are unlikely to be transferred back into nitrate (Wassenaar, 1995).
2.7.2 Denitriflcation
Denitrification is the dissimilatory reduction by essentially aerobic bacteria of one 
or both ionic nitrogen oxides (NOs’ and NO2 ') to gaseous oxides (NO and NO2) which
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may be further reduced to dinitrogen (N2) (Hiscock et al., 1991). These bacteria will 
utilize oxygen for respiration in an aerobic environment. In an anoxic environment the 
bacteria replace aerobic respiration with anaerobic respiration and an alternative electron 
acceptor, nitrate, replaces the oxygen.
Denitrification can be completed by heterotrophic bacteria that use organic 
material, such as sugars, organic acids and amino acids, for energy or by autotrophic 
bacteria which use inorganic material, such as iron sulfides, for energy. The reduction 
process requires several steps: NO3 => NO2 => NO => N2O => N2 . The bacteria may be 
able to perform one or two steps, so they must be considered as a group of 
complimentary organisms (Hiscock et al., 1991).
The environmental factors necessary for denitrification include the availability of 
nutrients (carbon and nitrate), the presence of denitrifying bacteria, and reducing 
conditions (anaerobic). Carbon has been found to be the limiting agent in many 
denitrifying environments. Saturated or near saturated soil conditions have also been 
found to promote the denitrification process due to the establishment of partially 
anaerobic conditions and reduced oxygen diffusion rates (Smith and Tiedje, 1979).
2.7.3 Seasonal/Source Effects of Denitrification
The environmental factors necessary for denitrification may change throughout 
the year due to seasonal and land use effects. Paul and Zebarth (1997a) studied 
denitrification and leaching during the fall and winter in two soils, a coarse textured soil 
with a high water table and well-drained medium textured soil, located in south-coastal 
British Columbia. British Columbia is known for its high precipitation in the fall and 
winter, which would saturate the soil and increase denitrification. When dairy-cattle 
manure is applied in the fall, the additional carbon needed for denitrification is supplied. 
Paul and Zebarth found that denitrification only accounted for 17% of the nitrogen loss, 
leaching (due to the well-drained soil) accounted for the rest. They also saw that the 
highest rates of denitrification occur below 15 cm, or the bottom of the plow layer where 
oxygen diffusion is restricted and but oxygen consumption is still high.
Paul and Zebarth (1997b) studied the same soils during the growing season 
(spring and summer). They discovered that higher denitrification rates were found in
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manured soils than in soils fertilized with inorganic nitrogen. Carbon levels are higher in 
manure than in inorganic fertilizers; therefore, respiration is increased. They also found 
that denitrification rates were higher during the growing season than in the fall and 
winter. This could be due to colder soil temperatures in the fall and winter, or rapid 
nitrate leaching due to increases in precipitation.
Paul et al. (1997) also showed that denitrification losses near and below the water 
table could be significant, especially when manure is applied. In soils with a shallow 
water table there is a more rapid transport of carbon, which will increase bacterial 
respiration.
The Abbotsford-Sumas aquifer has many of the characteristics that may promote 
denitrification. The soils of the Abbotsford-Sumas aquifer have a medium to rapid 
permeability, there is shallow water table, and manure is regularly used as a fertilizer.
All of these factors may allow carbon to be rapidly transported and may increase bacterial 
respiration.
2.8 Land Use
Approximately 60% of the study area is composed of berry fields, dairies or 
pasture (Nanus, written communication, 2000) (Figure 10). The use of synthetic 
fertilizers in the recent past has reduced the need for animal manure as a nutrient source 
in crop production and has led to a separation of crop and animal production (Cogger et 
al., 1999). The two main agricultural practices in the study area, berry production and 
dairy farming, exemplify this separation. Raspberry production commonly utilizes 
synthetic ammonium fertilizers. Com and grasses, commonly produced by dairies for 
feed purposes, are typically fertilized by manure that was produced by the farm.
The Abbotsford-Sumas study area has a high concentration of dairy farms, 2141 
head of cattle in 1995 as reported by the Whatcom County Conservation District 
(Mitchell et al.. In Press). The large quantity of cattle in the area produces considerable 
amounts of animal waste that must be utilized or transported off the farm. The manner in 
which manure is stored on the farm indicates the form of nitrogen that is present. 
Generally, the longer manure is stored, the higher the proportions of nitrogen in the 
ammonium form (Sullivan et al., 1997). Therefore, dry manure, which contains the solid
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portion of animal waste, is generally lower in ammonium than liquid manure (Sullivan et 
al., 1997). Com and grasses produced by dairies have different nutrient needs. Com 
typically takes up the most nutrients during the early growing season (spring and early 
summer), with uptake declining after maturity. Grasses, on the other hand, tend to take 
up nutrients during the entire growing season (Cogger, personal communication, 2000). 
Therefore, higher concentrations of nitrogen in the soil may be found under cornfields 
than under grass or pasture fields.
The Dairy Nutrient Management Act was enacted in April of 1998 to enforce 
farmers to write a dairy nutrient management plan to improve the quality of surface and 
ground water. All farmers will have to register with the Whatcom Conservation District 
and have an approved management plan by July of 2002 and implement this plan by 
December 30, 2003 (Dairy Nutrient Management Act, 1998). This should lead to an 
improvement in ground water quality in years to come.
Whatcom County is also a large producer of raspberries, 11%  of the Washington 
State total, which is 59% of the raspberries grown in the Unites States (Census of 
Agriculture, 1997). Most of the raspberry fields are fertilized by synthetic ammonium 
and may require irrigation during the bloom (mid May to June), harvest (June to mid 
August) and post-harvest due to the decreased precipitation during these months 
(Menzies, 1999). Most fields are irrigated by drip tape, which is buried in the soil along 
the edge of each row of berries, or by overhead sprinkler irrigation systems. Over 
application of synthetic fertilizers along with irrigation activities can lead to 
contamination of the ground water.
2.9 Concurrent Studies
Several studies were conducted in the Abbotsford-Sumas aquifer region during 
the time of this project. A soil study on nutrients, performed on an undisclosed dairy 
farm in the Sumas area by the Washington State University Cooperative Extension in 
1996 and 1997, determined that excess nitrogen remains in the soil at the end of the 
growing season, increasing the probability of leaching into the ground water (Cogger et 
al., 1999). Information from the Cogger et al. (1999) study will aid in describing 
fluctuations of nitrate concentrations due to local agricultural sources.
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Environment Canada has been monitoring ground water in the Abbotsford-Sumas 
aquifer for nitrate concentrations, just north of the study area, since 1990 (Figure 1).
They found that nitrate concentrations varied over the Canadian study area (Figure 11) 
and that nitrate concentrations were over 10 mg/L at many of the sites (Hii et al., 1999). 
Nested piezometers, used at several sites, will help define trends in the vertical nitrate 
concentration profile that might be present. Results from the Canadian study will be used 
to determine if there is a Canadian source of nitrate contamination in the study area.
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3. METHODS
3.1 Field Sampling
Twenty domestic wells were sampled monthly from April 1997 to January 1999 
to characterize water quality parameters in space and time. Six additional domestic wells 
(6, 22, 23, 24, 25 and 26) were intermittently sampled during this time period and well 16 
was replaced by a deeper well, 28 in August 1998. Figure 2 shows the well locations. 
Exact well addresses and GPS locations are shown in Appendix B.
The static water level (depth to water) was measured at accessible wells, using a 
depth-to-water meter with an electrical sounding tape before any water was removed 
from the well. The well was then purged at the standpipe for approximately 10 minutes, 
or until the specific conductance stabilized, in order to remove any stagnant water. 
Ground water parameters were then measured using a one-liter flow through cell in order 
to get a representative ground water sample. Dissolved oxygen, temperature and specific 
conductance were measured using the YSI model 85 water analyzer. Dissolved oxygen 
was calibrated to the nearest 100 feet in elevation. pH and temperature were measured 
using a calibrated Orion 250A meter. A pH standard of 6 was checked at each well to 
assure that the meter was working properly.
Ground water samples were taken directly from the standpipe. Two water samples 
were collected, one in a 500 ml acid washed Nalgene bottle, to be analyzed in the lab for 
total nitrogen, nitrate + nitrite, nitrite and ammonium, and one in a 250 ml plastic 
Nalgene bottle to be analyzed for chloride. All bottles were rinsed three times with the 
sample prior to collection and then placed in an iced cooler for transport. Nitrite lab tests 
were conducted within 48 hours of sampling. Nitrate + nitrite and total nitrogen samples 
were frozen and the ammonium samples were acidified and all were analyzed in the lab 
within 60 days of sampling. Field notes in Appendix C include observations of 
fertilization and irrigation events.
3.2 Lab Analysis
The water samples were analyzed by the Washington State Department of 
Ecology accredited laboratory at the Institute for Watershed Studies (IWS). Field 
duplicates (5% of all the samples collected) and lab duplicates (10% of the samples) were
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utilized to assure quality control (Mitchell et al., In Press). Laboratory analyses of nitrite, 
ammonium, nitrate + nitrite, total nitrogen and chloride were performed by IWS staff. 
Methods and detection limits of the analyses are shown in Table 1. The standard 
deviation of the field and lab duplicates for the nitrate analysis was used to calculate the 
standard error of nitrate concentrations.
3.3 Statistical Analysis
3.3.1 Variable Types
The data used for my statistical analyses were composed of continuous and 
categorical variables. The type of variable dictated what type of statistical analysis was 
performed. Continuous variables, as defined by Tabachnick and Fidell (1996) are 
measured on a scale that changes values smoothly, rather than in steps. Categorical 
variables, take on a finite and usually a small number of values and have no smooth 
transition from one category value to the next. Table 2 shows the continuous and 
categorical variables used in my statistical analyses and their source (see Appendix D for 
acronym list). The entire data set is found in Appendix E.
3.3.2 Univariate/Bivariate Statistics
The continuous ground water variables collected were initially examined using 
the univariate statistical methods of boxplots and statistical summaries. Figure 12 shows 
the statistical measures that were used to depict the data in the boxplots. These include 
the minimum value, the 25^ '’ quartile, the median value, the 75^ '’ quartile and the 
maximum value (Carlson and Thome, 1997). Statistical summaries, such as the mean, 
median, standard deviation, minimum and maximum helped to describe the distribution 
of a variable.
Correlations were used to measure the size and relationship between two of the 
continuous variables (Tabachnick and Fidell, 1996). The type of correlation used 
depended on the distribution of the data. Normally distributed data follow a typical 
Gaussian distribution, with the mean and the median values being equal. Water quality 
data sets are frequently non-normally distributed, due to the numerous low, and less than 
the detection limit values (Montgomery et al., 1987). Therefore, the non-parametric 
ranking correlation, Kendall’s tau, was used in this statistical analysis. For any given data
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set, the tau correlation represents the probability that in the observed data the two 
variables are in the same order versus the probability that the two variables are in 
different orders (Non-Parametric Statistics).
A frequency analysis was used to initially examine the categorical data. One- 
Way Analysis of Variance (ANOVA) was then used to compare the mean nitrate 
concentration at each well site to the dispersion of the categorical variable distribution. 
The ANOVA results determined if the categorical variable could be differentiated by the 
mean concentration seen at a well. The hypothesis tested was that the mean nitrate 
concentrations were the same, the alternative hypothesis was that the mean nitrate 
concentrations were different. Assumptions associated with the ANOVA analysis were 
that the data were normally distributed and the variances were equal.
3.3.3 Multivariate Statistical Analyses
Multivariate statistical analyses were used to recognize patterns there were not 
observed in the univariate and bivariate analyses. Ordination and classification are the 
two most common applications. Principle Components Analysis (PCA) is one type of 
ordination method whereas Cluster Analysis (CA) is a classification technique. It must 
be understood that there are numerous options available in multivariate statistical 
methods that help to ordinate and classify data. Many times it is up to the researcher to 
decide on the appropriate method and on using the appropriate number of variables to get 
informative results. Therefore, an alternative analysis by a different researcher may yield 
different results.
3.3.3.1 Principle Components Analysis (PCA)
Ordination, as described by Pielou (1984), is a way for adapting a 
multidimensional data set in such a way that when it is projected onto two-dimensional 
space, patterns will become apparent. Principle Components Analysis (PCA) is a type of 
Factor Analysis (FA) and is one of the simplest ordination methods. It attempts to project 
the original continuous variables onto a differently oriented space of t dimensions 
(Pielou, 1984). These t dimensions become the principle components (which can be 
thought of as axes) and account for as much of the variance in the data set as possible.
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These components can then help to define the relationships between the variables 
(Tabachnick and Fidell, 1996). 
Ludwig and Reynolds (1988) provide a complete explanation of the PCA method; 
a condensed version follows. A data set matrix consists of n rows and m columns; 
therefore, there will be m dimensions. The first step in the PCA method is to standardize 
the data set matrix by moving the origin to the data set centroid. Pearson's R correlations 
are used to form a new matrix, m x m in size. The eigenvalues and eigenvectors (w in 
number) of this matrix are determined and scaled so that their inner product is one. The 
eigenvalues are extracted in descending order of magnitude in such a way that the 
corresponding PCA components represent successively greater to lesser amounts of 
variation the matrix (Ludwig and Reynolds, 1988). The final principle component matrix 
may be rotated, by a variety of methods, in order to increase its interpretability. Ideally, 
the rotation is used to maximize high correlations and minimize low ones (Tabachnick 
and Fidell, 1996). 
There are several limitations to PCA, one of the most important being that PCA is 
a linear model. Normality of data is assumed when using PCA and will enhance 
solutions. However, PCA solutions of non-normal data sets are only degraded by the 
extent of the non-normality and are still worthwhile, especially in an exploratory type of 
analysis such as this one (Tabachnick and Fidell, 1996). Additional concerns when 
interpreting PCA solutions are that there are an infinite number of rotations after 
component extraction is applied to improve interpretability and erroneous solutions may 
occur if variables are highly correlated (Tabachnick and Fidell, 1996). Under these 
conditions the researcher must use knowledge of the data set in order to make an 
assessment of the final rotated solution. 
The ordination methods of PCA and FA have been used in several studies on 
aquifer contamination. Abu-Jaber et al. (1997) used PCA to determine associations 
between geochemical variables in aquifers located in the Wadi Shueib catchment area in 
Jordan. They also used multivariate one-way analysis of variance (MANOVA) to 
compare data sampled at two different times. Melloul and Collin (1992) used PCA to 
identify different groups of water and the factors that affect their quality in the Dan 
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metropolitan region of Israel's Coastal Plain. Ruiz et al. (1990) used FA in a 
hydrogeochemical study of a coastal aquifer in Javea, Alicante (Spain) to explain the 
source of the ions in the water. Usunoff and Guzman (1989) used FA and 
correspondence analysis to describe hydrochemical processes in aquifers in Alberta, 
Canada and the San Perdro River basin in Arizona. All of the studies mentioned above 
used PCA or FA on data from monitoring programs designed to be "snapshots" in time. 
The temporal design of my project and the high correlation of variables may increase the 
solution interpretation difficulty. 
3.3.3.2 Cluster Analysis (CA) 
Cluster Analysis (CA) is a classification procedure that groups similar objects into 
classes. It can be used to describe patterns of similarity and differences among objects by 
means of their class label (Everitt, 1993). Cluster Analysis uses many a priori decisions 
made by the researcher. The number of variables, .which can be categorical or 
continuous, is one of the first decisions made. Several different types of cluster 
techniques, with different combinations of variables, can be used in order to find stabile 
clusters (Pielou, 1984). Three types of cluster analyses, hierarchical, k-means and non-
metric, were used in my project in order to compare cluster results. Hierarchical and k-
means clustering use metric distances to determine groups of data. The statistical 
program SPSS was used to cluster by hierarchical and k-means methods. Non-metric 
clustering (NMC) is based on probability theory and overcomes some of the problems 
associated with metric clustering techniques (Matthews and Heame, 1991). The LINUX 
based statistical program R, was used to cluster non-metrically. 
3.3.3.3 Metric Clustering 
Hierarchical clustering is an agglomerative clustering technique that groups data 
according to their metric proximity. Before the clustering process begins, distance 
(between two points) and the similarity (the distance between two clusters that contain 
two or more points) measures must be determined. There are many different distance and 
similarity measures that will give alternative clustering results. There is no absolute 
answer to which method is best; therefore, the simplest method was used (Everitt, 1993). 
Euclidean distance was chosen for the distance measure and can be described as: 
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Where: 
j = rows 
k = columns 
A  i =  1  
The average linkage method was chosen as the similarity measure. This method uses the 
average Euclidean distance between each point in a cluster. A problem with the average 
linkage method is that the distance between clusters can be influence by larger clusters. 
Moreover, when the average linkage and squared Euclidean distance measures are used, 
data outliers tend to form groups towards the end of the clustering process (Jobson, 
Once the distance and similarity measures are chosen, the hierarchical clustering 
process may begin. Each case starts out as a separate cluster, n in number. The two most 
similar cases, dependent on their metric proximity to one another (SPSS Base 8.0 User's 
Guide, 1998), are combined to form a two-member cluster, making the number of 
clusters n-1. The next two most similar clusters are grouped together, making the number 
of clusters n-2 in number. Since hierarchical clustering continues until there is only one 
cluster, the agglomerative process must be stopped in order to get interpretable clusters. 
Knowledge of the data set or large jumps in fusion are two ways to decide when to stop 
the clustering process (Everitt, 1993). 
Another type of metric clustering is k-means clustering, which is similar to 
hierarchical except that it assigns each case to an initial cluster, k in number. The cases 
are then reassigned to different clusters until they are located in the cluster with the 
nearest centroid. Proximity is measured by using Euclidean distance (SPSS Base 8.0 
User's Guide, 1998). Each case is considered for relocation to another cluster to reach the 
optimal clustering and equilibrium is reached when all the cases are located in the group 
whose centroid is the closest (Jobson, 1992). One problem with k-means clustering is 
that the researcher does not know if sub-optimal solutions have been found (Everitt, 
1993). Again, knowledge of the data set must be used to decide if the clustering 
produced is interpretable. 
1992). 
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One of the limitations associated with the metric clustering techniques is that 
mixed data (categorical and continuous variables) may yield unreliable clusters due to the 
use of a metric distance measure. The validity of a cluster may also be questionable 
because clustering may produce partitions for any data set, even random noise (Jobson, 
1992). 
Cluster Analysis has been successfully used in several studies to classify ground 
water. For example, Troiano et al. (1994) used CA and PCA to describe areas in 
California that have been contaminated by pesticides. Steunhorst and Williams (1985) 
used CA and MANOVA to determine relationships or differences between ground water 
samples taken spatially and temporally. Frapporti et al. (1993) used fuzzy c clustering 
means to determine different groups of ground water from data collected by the Dutch 
Ground water Quality Monitoring Network. Suk and Lee (1999) used factor analysis 
scores to cluster geochemical ground water data. Cluster results revealed geochemical 
zones and seasonal variations. 
3.3.3.4 Non-Metric Clustering (NMC) 
Non-Metric Clustering (NMC) was the third type clustering applied to the data set 
used in my project. This is a conceptual type of clustering that attempts to find a non­
linear clustering of points and a linear ordination of parameters. Non-Metric Clustering 
has a number of advantages over conventional metric clustering methods, including 1) no 
metric distance measures are used, which reduces the problem of comparing dissimilar 
variables, 2) continuous and categorical variables can be used, 3) noisy variables or 
variables that do not correlate can be filtered out, 4) no assumptions about missing 
variables are used, 5) variables with significant correlations are given weight according to 
the correlation (Matthews and Heame, 1991). 
Non-Metric Clustering estimates the accuracy of whether a case fits into the 
proposed clustering by using a non-parametric fitness measure. This fitness measure is 
based on quantitative measure of prediction accuracy and is called the proportional 
reduction in error (PRE), a variation on Guttman's X (See Goodman and Kruskal (1954) 
for more information on Guttman's X). The PRE value is determined by using the 
probability of the frequency of a variable value in a given data set. In order to calculate 
the PRE, two case scenarios are used. Case 1 uses conditional knowledge, the probability 
of correctly guessing a value for a variable when the values of the other variables are 
known. Case 2 assumes that there is no knowledge of the other variables. The 
probability of error is defined as: 
Probability of Error = 1 - Probability 
Therefore, the PRE can be defined as: 
PRE = Probability of Error in Case 2 - Probability of Error in Case 1 
Probability of Error in Case 2 
This equation gives the proportion of errors (PRE) that can be eliminated by taking 
account of knowledge of variables, as opposed to prediction in ignorance (Matthews and 
Heame, 1991). 
To examine a data set, all of the variables are split into regions. These regions are 
used to predict the accuracy of the proposed clustering. Regions of the categorical 
variables can be calculated directly, but continuous variables must be transformed into 
categorical variables. The transformation is accomplished by splitting the range of 
continuous variables into regions based on the number of clusters that are chosen. The 
value of the continuous variable is then assigned the value of the region that it is placed. 
The split values of the continuous variables are changed throughout the clustering process 
until the optimal values, which maximize the average PRE, are identified. 
Matthew and Heame (1991) designed the program RIFFLE, which is used by the 
statistical program R, to cluster non-metrically. The number of clusters and the number 
of variables to be used are determined before RIFFLE is implemented. Split values for 
the continuous variables and the assignment of each case to a random cluster is initially 
set by RIFFLE. Cases are then reassigned to different clusters and split values are 
changed until the average PRE is maximized. Since RIFFLE is a stochastic method, 
different answers may be produced each time it is mn and it is necessary to mn RIFFLE 
many times in order to determine the consistency of the clusters (Matthews et al., 1991). 
Randomization was utilized to check the significance of the NMC clusters. The 
data set columns were randomized using the randomization function in the statistical 
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program R. One hundred randomized data sets were analyzed using RIFFLE and 
histograms of the randomized and non-randomized average PRE values were produced. 
If the non-random average PRE values were higher than the random average PRE values, 
then the cluster results can be considered significant and not a product of random 
clustering. 
Non-Metric Clustering has been used successfully on several water quality data 
sets such as the national acid rain survey, which clustered lake data into impacted and 
non-impacted, and on a data set dealing with nonpoint-source pollution of an urban 
stream, which clustered into polluted and unpolluted (Matthews and Heame, 1991). 
Matthews et al. (1991) used NMC on limnological data from Lake Whatcom in Whatcom 
County and successfully identified patterns in the data that were expected and several that 
were unexpected. Non-Metric Clustering has not been used on a hydrogeologic data such 
as in my project, and may produce meaningful clusters that will improve the 
understanding of the processes that are affecting nitrate contamination in the Abbotsford-
Sumas aquifer. 
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4. RESULTS 
The univariate and bivariate statistical analyses of the Abbotsford-Sumas aquifer 
ground water monitoring data set determined the variables that were most important 
when describing processes that might be affecting nitrate concentrations. The results 
from the univariate and bivariate analyses then aided in the interpretation of the 
mulitvariate statistical results. 
4.1 Univariate Statistics 
The continuous variables were initially examined using statistical summaries of 
each variable (Appendix F), which determined that most of the variables were non-
normally distributed. Boxplots (Figures 13 through 23) and statistical summaries of 
individual wells (Appendix G) were used to help interpret trends. 
Static Water Level / Depth Below Water Table 
The corrected static water level was calculated by subtracting the casing height 
from the measured surface water level. This value represents the depth to the water table 
in relation to the ground surface. The depth below the water table was calculated by 
subtracting the static water level from the well depth and represents the depth below the 
water table from which a sample was extracted. The variations seen in the static water 
levels (Figure 13) and the depth below the water table values (Figure 14) were due to 
precipitation, ground water removal from irrigation events and residential use. 
Incomplete data in these variables were due to lack of well logs or lack of permission to 
measure the water level. 
Nitrogen Compounds 
Ammonium concentrations were largely undetectable in most of the wells 
sampled. Figure 15 shows that higher ammonium concentrations are found in wells 5, 
11, 12, 24, and 28. These higher ammonium concentrations could have been due to the 
fact that ammonium is a major component in animal waste, present as anhydrous 
ammonia in inorganic fertilizers or is the dominant form of nitrogen in anaerobic 
environments. 
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The total nitrogen and nitrate concentrations had similar distributions (Figures 16 
and 17) because total nitrogen is composed of nitrate and ammonium and ammonium was 
mostly undetectable. Nitrate concentrations above the EPA limit of 10 mg/L were 
considered to be a result of surface activities and nitrate concentrations below 3 mg/L 
were considered to be natural background concentrations (Cox and Kahle, 1999). Nitrate 
concentration values between 3 and 10 mg/L were considered to be a mixture of natural 
and manmade sources. Twelve out of the 26 wells sampled had mean nitrate 
concentrations above 10 mg/L, 5 had mean nitrate concentrations between 3 and 10 mg/L 
and 9 had mean nitrate concentrations below 3 mg/L. Figure 17 shows there was a high 
variance of nitrate concentrations in wells with the highest concentrations of nitrates, 
most noticeably wells 9, 14, 18 and 24. 
Nitrite concentrations were largely undetectable in most of the wells sampled, the 
exception was well 28 which had higher concentrations (Figure 18). The undetectable 
concentrations could be due to the fact that nitrite is chemically unstable in oxygenated 
water and is quickly converted to nitrate; therefore, the presence of nitrite may indicate 
an anaerobic environment in which denitrification may occur (Cox and Kahle, 1999). 
Chloride 
Chloride concentrations in ground water can be influenced by hydrogeologic or 
human activities. Chloride in the Abbotsford-Sumas study area may be a result of 
chloride from precipitation, land use such as spreading or handling of manure or 
fertilizers that contain chloride (Cox and Kahle, 1999). Figure 19 shows that well 21 had 
noticeably high chloride concentrations, which were probably because the water being 
sampled had gone through a chlorination and filtration process to remove excess iron. 
Cox and Kahle (1999) determined that background concentrations of chloride in the 
Abbotsford-Sumas aquifer were small, 0.5 to 4.0 mg/L; therefore, any substantial amount 
of chloride is likely to be a product of surface activities. Wells, 5, 6, 9, 14, 18 and 26, 
had substantial amounts of chloride that may have been due to agricultural practices 
Specific Conductance, pH, Dissolved Oxygen and Temperature 
Specific conductance represents the amount of dissolved material in ground 
water. Minerals dissolved in water that possess electrical charges allow the water to 
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conduct electrical current, as the amount of dissolved minerals increase or as the 
temperature increases, the specific conductance will also increase (Cox and Kahle, 1999). 
The high variance seen in the specific conductance values (Figure 20) could be due to 
agricultural inputs into the aquifer which will increase the amount of dissolved minerals 
in the ground water, or ground water temperature fluctuations. 
The pH values ranged from 5.10 to 7.25, with many of the wells having pH levels 
lower than the EPA secondary standards for drinking water, 6.5 - 8.5 (Figure 21). The 
variation in pH values could be due to chemical reactions such as the conversion of 
ammonium to nitrate, which releases hydrogen ions into the water phase; input of 
precipitation with a low pH into the aquifer; or agricultural practices. 
The main source of dissolved oxygen in ground water is atmospheric dissolved 
oxygen present in precipitation (Cox and Kahle, 1999). The high variance in dissolved 
oxygen concentrations seen in Figure 22 could be due to a number of factors. Dissolved 
oxygen is affected by the temperature (colder water can hold more oxygen), precipitation, 
bacterial activity or aeration of ground water due to pumping. 
The mean ground water temperature for the study area was 11.4 °C and the 
median was 11.2 °C. The depth of the well is most influential on the variability of 
ground water temperatures (Figure 23). 
4.2 Bivariate Statistics 
4.2.1 Non-Parametric Correlations 
Non-parametric correlations (Kendall's tau) were performed on the continuous 
variables to determine interrelationships. Out of 136 possible correlations, 75 
correlations within a 95% confidence interval were produced (Appendix H). Correlations 
that related to processes occurring in the Abbotsford-Sumas study area are discussed 
below. 
Ground Water Movement and Nitrate Concentrations 
Several correlations indicated that there was shallow contamination of the ground 
water in the Abbotsford-Sumas study area due to the vertical movement of water from the 
ground surface through the soil column. The well depth and the depth below the water 
table were both inversely correlated with total nitrogen and nitrate concentrations, which 
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indicated that deeper wells were less contaminated than shallow wells. Figures 24 and 25 
show that the relationship may not be strong since there are several shallow wells that 
had low nitrate concentrations and several deeper wells that had high nitrate 
concentrations. The nitrate concentration in the shallow wells may have been influenced 
by the dilution of nearby surface water, denitrification or land use practices. Nitrates 
coming from further up-gradient of the study area may have affected the deep wells with 
high nitrate concentrations. 
Nitrate Reduction 
The reduction process of denitrification may have had an affect on the nitrate 
concentrations in the Abbotsford-Sumas study area. Given that constituents associated 
with denitrification were not measured directly in this study, correlations helped to 
determine if the denitrification process was influencing nitrate concentrations. 
In shallow unconfined aquifers with well-drained soils, such as the Abbotsford-Sumas 
aquifer, organic carbon can be transported from the unsaturated zone to the ground water 
before oxidation occurs (Hiscock et al., 1991). The residence time of infiltrating water in 
the unsaturated zone controls the amount of organic carbon available to support the 
denitrification process. Starr and Gillham (1993) determined that the static water level 
could represent residence time in settings with similar soil types and land use. The 
absence of a correlation between nitrates and the static water level in the Abbotsford-
Sumas study area (Figure 26) infer that denitrification was not occurring or that 
denitrification was only occurring in select areas. 
Another indicator of denitrification is the chloride and nitrate correlation because 
both nitrate and chloride are usually present in fertilizers. Nitrates can be reduced by 
synthesis or by denitrification, but chloride is a conservative ion, in that it cannot be 
metabolized (Obenhuber and Lowrance, 1991). The positive correlation between chloride 
and nitrate (Figure 27) indicates that there was no reduction of nitrate, including 
denitrification, occurring in the study area. But this correlation may be misleading 
because numerous wells contained background chloride concentrations (< 4 mg/L). 
In the absence of oxygen (<2 mg/L), denitrifying bacteria will use nitrate and 
organic carbon to produce energy (Trudell et al., 1986; Pedersen et al. 1991). Soil types 
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and level of organic matter present also affect the amount of dissolved oxygen in the 
ground water. Well-drained soil systems usually have more dissolved oxygen, because 
precipitation, which is high in dissolved oxygen, can infiltrate rapidly. The positive 
correlation between nitrate and dissolved oxygen indicates that denitrification may have 
been present. 
Figure 28 shows that the data points for the nitrate and dissolved oxygen 
correlation are scattered, which may indicate that not all of the wells are experiencing 
denitrification. The lack of a correlation between nitrate and the static water level or the 
nitrate and chloride correlation also indicated that there might be sporadic denitrification 
occurring. Each well was examined individually using the Kendall's tau correlation 
between chloride and nitrate concentrations (Appendix I). A well was determined to 
have possible denitrification if there was no nitrate and chloride correlation and dissolved 
oxygen concentrations were less than 2 mg/L. The wells that met this criterion were 4, 8, 
n, 12, 20 and 21. Since many wells had natural background concentrations of chloride, 
the presence of nitrite in wells was also used. Nitrite is an intermediate compound in the 
denitrification process and may build up in an anaerobic environment (Cox and Kahle, 
1999). Wells that had a detectable concentration of nitrite and dissolved oxygen 
concentrations below 2 mg/L were 3,7,9, 11,21, 24 and 28. All of the wells must also 
possess the other environmental conditions necessary for denitrification: the presence of 
bacteria, organic carbon and nitrates. Nitrate is present in most of the wells in the study 
area, organic carbon and denitrifying bacteria were not measured in this study but 
probably exist in most ground water. 
Temporal and Seasonal Variations 
Wide variations in nitrate concentrations are commonly seen in shallow wells 
tapping unconfined aquifers (Tesoriero and Voss, 1997). Variations in nitrate 
concentrations can be due to ground water flow, the rate of biochemical reactions and 
nitrogen inputs. The lack of a non-parametric correlation between nitrate and time 
indicated that there was not an increasing or decreasing trend in nitrate concentrations 
over the entire study area. 
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Nitrate concentration variations may also be associated with precipitation events, 
which are related to seasonal influences. Higher nitrate concentrations are expected 
when precipitation is heavy due to leaching of nitrates from the soil. The precipitation 30 
days prior to sampling (Table 3) had no correlation with nitrate concentrations (Figure 
29) indicating that local leaching of nitrates was not a major factor in the concentration of 
nitrates over the entire study area. 
Although there was no statistical proof that there was a temporal or seasonal trend 
in nitrate concentrations over the entire study area, when nitrate concentrations over time 
were examined at individual wells, some trends were observed (Figures 30 through 55). 
The standard deviation (standard error) of the field and lab duplicates was determined to 
be 0.46 mg/L. One type of trend observed was the seasonal effect of nitrification in the 
spring and summer and leaching in the fall and winter. Wassenaar (1995) discovered that 
nitrates could remain in the unsaturated zone until heavy precipitation raised the water 
table and, therefore; the nitrate concentrations. There were no wells in the study area that 
showed this exact phenomenon, but wells 7, 11,15, 16, 18 and 22 showed higher nitrate 
concentrations during the fall or winter at some time during the sampling period. Higher 
nitrate concentrations in the spring and summer, probably due to nitrogen inputs along 
with irrigation events, were seen at wells 1, 4 and 10. Several wells had decreasing 
nitrate concentrations over time (2, 8, 9, 13, 14, and 19), two wells had increasing nitrate 
concentrations over time (5 and 6), and several wells had no detectable concentrations of 
nitrates (3, 12 and 21). The remainder of the wells had no consistent nitrate 
concentration trend. These trends in nitrate concentrations indicate that there is no 
overall temporal or seasonal trend in the study area. Local agricultural practices may 
only be affecting extremely shallow wells and sources further up-gradient may be 
influencing nitrate concentrations in deeper wells. 
4.2.2 Analysis of Variance (ANOVA) 
The categorical data of land use, sediment tapped and soil type were examined by 
comparing the mean nitrate concentration at each well site. Land use is known to have a 
large impact on the nitrate concentrations (Cox and Kahle, 1999; and Nanus, written 
communication, 2000). Analysis of variance (ANOVA) was used to determine if the 
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mean nitrate concentrations between land use categories were statistically different. This 
may indicate how far up-gradient nitrate sources were coming from. Table 4 shows the 
mean nitrate concentration and the value of the categorical variable at each well site. If 
the critical F value was greater than the calculated F value, then the null hypothesis (Ho: 
mean nitrate concentrations were equal) was true; otherwise the mean nitrate 
concentrations were different. Table 5 shows that the critical F value was greater than the 
calculated F value for Land Use up-gradient 100 meters, 500 meters and 1000 meters; 
therefore the mean nitrate concentrations were equal and land use categories cannot be 
differentiated. Table 5 also shows that the critical F values were greater than the 
calculated F values for the sediment tapped and the soil type variables. This means that 
the sediment tapped and the soil type cannot be differentiated by their mean nitrate 
concentrations. 
Seasonality was examined by dividing the months into seasons based on 
precipitation and plant growth cycle. Stasney (written communication, 2000) also used 
this division to examine water table contours. Table 6 shows the mean nitrate 
concentration at each well for each season. ANOVA was used to compare the mean 
nitrate concentration for each season. Table 7 shows that the critical F value was greater 
than the calculated F value indicating that the seasons did not have significantly different 
nitrate means. 
4.3 Multivariate Statistics 
4.3.1 Principle Components Analysis (PCA) 
The data matrix used in the PCA analysis contained only continuous variables due 
to the non-linearity of the categorical data. Researcher discretion was used to determine 
which of the continuous variables were to be used and the type of final rotation to 
perform in order to provide an interpretable solution. The depth to screened interval 
variable was omitted due to the numerous missing values. Varimax rotation with Kaiser 
Normalization was chosen as the final rotation to help in the interpretation of the 
component matrix. 
The data set had several variables that were combinations of others. The well 
depth was equal to the static water level plus the depth below the water table, and total 
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nitrogen was equal to nitrate plus ammonium. When the well depth variable was deleted 
from the analysis, the results were similar to the final component matrix. When the total 
nitrogen variable was deleted, the matrix was very different from the final component 
matrix, but did not seem to represent any underlying processes. Therefore, all of these 
variables were chosen to remain in the data set. 
The best solution of the final component matrix was obtained when a listwise 
deletion of missing data was used. This means that any row that did not have all of the 
variables present was not used in the analysis. The missing values were not replaced by 
the mean of the variable or estimated because of the non-random quality of the data. The 
numerous missing values in the data set led to only 35% of all the cases used in the 
computation of the final component matrix. 
The data set was reduced to six dimensions (Table 8), which accounted for 80% 
of the variance in the data set. Tabachnick and Fidell (1996) consider a factor loading 
greater than 0.55 to be interpretable and was used in my interpretation of the PCA results. 
The first component explained 19.6% of the variance and was represented by the 
variables total nitrogen, nitrate, pH, and depth below the water table. This could indicate * 
that the nitrate plume was towards the top of the aquifer or that there was shallow aquifer 
contamination. The second component explained 16.7% of the residual variance and was 
represented by chloride and conductivity, which can both be associated with water 
contaminated by agricultural practices. The third component explained 14.3% of the 
residual variance and was represented by the well characteristics, static water level and 
well depth. The fourth component explained 10.7% of the residual variance and was 
represented by ground water temperature and the month of sampling, which could be 
related to seasonal influences. The fifth and sixth components explained 9.6% and 9.4% 
of the residual variance respectively. These two components did not seem to represent 
any underlying processes. 
The final rotated component matrix showed that nitrate concentrations, pH and 
the depth below the water table were the most influential variables when describing the 
data set. Figure 56 shows the PCA first factor score and the well number. I considered a 
high factor scores, greater than 1, to represent wells that were more contaminated (2, 5, 
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14 and 18) and low factor scores, less than -1, showed wells that were less contaminated 
(3, 20 and 21). 
The first four components were plotted against each other to determine if there 
were clusters of data that may lead to additional information about the data set (Figures 
57 through 62). Figure 57 indicates that there were three distinct clusters of data when 
the first (dominated by nitrate concentration, pH and depth below the water table) and 
second components (dominated by conductivity and chloride) were plotted, with the rest 
of the data scattered in the middle. Cluster A contained wells 18 and 14, which were 
highly contaminated by nitrates. Cluster B contained well 21, which had high chloride 
concentrations due to a chlorination and filtration process. Cluster C contained wells 3 
and 20, which had little nitrate contamination. 
Figure 58 indicates that there were three clusters of data when the second 
component (well depth) was plotted against the third component (chloride and 
conductivity concentrations). Cluster A contained wells 14, 18 and 21, which were 
shallow. Wells 14 and 18 had high nitrates, which led to high conductivity and well 21 
had high chloride concentrations, which also led to high conductivity. Cluster B 
contained wells 5, 6, and 7, which were relatively deep and had nitrate concentrations 
around the 10 mg/L limit. Cluster C contained well 12, a deep and uncontaminated well. 
Figure 59 shows the first component (dominated by nitrate concentration, pH and 
depth below the water table) versus the third component (dominated by static water level 
and well depth). Three clusters of data were observed. Cluster A contained wells 5, 6, 7, 
11, and 12. These wells appeared to be grouped by their depth and not their nitrate 
concentrations, since wells 5, 6 and 7 had much higher nitrate concentrations than wells 
11 and 12. Cluster B contained wells 20 and 21, both of which had very low nitrate 
concentrations and similar well depths. Cluster C contained well 3, which was deep and 
uncontaminated. 
Figures 60 through 62 show the relationship between the fourth component 
(seasonal effect) and the first, second and third components. There were no distinct 
clusters of data that indicated a seasonal influence, represented by the ground water 
temperature and precipitation. 
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4.3.2 Clustering Analysis (CA) 
The metric clustering methods of hierarchical and k-means were performed on the 
data set to determine if wells could be grouped together by their probable nitrate source. 
As in the PCA analysis, listwise deletion of the missing variables was requested in SPSS. 
Two clustering schemes were utilized for both methods. The first scheme omitted the 
variables day, sediment tapped (strat) and depth to screened interval (DSI), due to the 
numerous missing values, which led to only 30.2 % of the data set being used. To 
compensate for the mixing of continuous and categorical variables, land use and soil, in 
addition to the previously mentioned variables, were omitted in the second scheme; 
which led to 34.8% of the data set being used. The large data set used for the clustering 
process also led to difficulty when interpreting the solutions. Therefore, knowledge of 
the data set from previous statistical analyses was used to help describe the clusters. 
Since PCA discovered that the depth below the water table and nitrate concentrations best 
described the data set, these variables were used to examine the cluster results. 
4.3.2.1 Metric Clustering 
The Euclidean distance and average linkage method were used in the hierarchical ' 
clustering method. After examining the clustering output, five clusters appeared to 
represent the data best. The clustering solution is shown in Figure 63. Figure 64 shows 
the nitrate concentrations and the depth below the water table along with the cluster 
solution. Only two distinct clusters appeared: cluster 2, which contained well 6, a deep 
well with nitrate concentrations over 10 mg/L; and cluster 4, which contained wells 14, 
18 and 21. Wells 14 and 18 were shallow and had nitrate concentrations over 10 mg/L, 
and well 21 had high chloride concentrations. The other clusters overlapped, which 
could mean that other variables described clusters better, or that cluster differences were 
not pronounced. When the additional categorical variables were omitted, the clustering 
did not improve (Figure 65). Figure 66 shows that cluster 4, which contained wells 14, 
18 and 21, was the only distinct cluster, the remaining clusters overlapped. 
The k-means clustering method produced similar results when five clusters were 
initially requested. The final cluster centers in Tables 9 and 10 show that the nitrate 
concentrations had the most dissimilar values when comparing clusters. The other 
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variables did not seem to have significantly different final cluster centers. This could be 
one indication that the nitrate concentrations were dominating the cluster separation. 
Figures 67 and 68, again show that there were only two distinct clusters when sediment 
tapped (strat) and depth to the screened interval (DSI) were omitted: one containing 14, 
18 and 21 and the other containing 6. Figure 69 and 70 show that when the additional 
categorical variables were omitted, the clustering did not improve. Only the cluster 
containing wells 14 and 18 stood out. 
4.3.2.2 Non-Metric Clustering (NMC) 
The non-metric clustering technique was also applied to the data set. All of the 
continuous and categorical variables were utilized in this analysis and several different 
combinations of cluster and attribute number were considered. The highest average PRE 
occurred when five clusters and five attributes were requested, which means that five of 
the variables best described the five clusters. The RIFFLE program was then run 30 
times in order to get a distribution of PRE results. Figure 71 shows the PRE results for 
each variable included in the RIFFLING process. The variance of the PRE results 
indicated that clustering was not strong, but was also not due to random chance. Total 
nitrogen and nitrate + nitrite produced the highest PRE values. Other variables that 
produced high PRE values and had large variances were the static water level, well depth, 
chloride, specific conductance and the depth below the water table. 
The cluster with the highest average PRE value out of the 30 clustering results 
was analyzed for well placement. Table 11 shows that the five highest PRE values were 
Total Nitrogen (TN), Nitrate (N03), Land Use 500 meters up-gradient (Up500), Land 
Use 1000 meters up-gradient (UplOOO) and the depth below the water table (DBWT). 
These five highest attributes differed from the overall RIFFLING results in that land use 
500 meters up-gradient and land use 1000 meters up-gradient were not part of the overall 
highest attributes, which means that land use was not consistently strong in the clustering 
process. 
Figure 72 shows the wells that were found within the cluster with the highest 
average PRE value. The nitrate concentration and the depth below the water table were 
two of the dominant variables. Figure 73 shows that cluster 1 was represented by wells 
32 
that had nitrate concentrations around 10 mg/L and a depth below the water table that 
was high (wells 5, 6, 7, 9, and 10). Cluster 2 was represented by shallow wells that had 
nitrate concentrations ranging from 2 to over 30 mg/L, except for well 21 that had high 
chloride concentrations (1, 2, 11, 14, 18 and 21). Wells that had no detectable nitrate 
concentrations (nitrate mean less than 2 mg/L), 3, 4, 8, 12, 21 and 23 were representative 
of cluster 3. Clusters 4 and 5 overlapped and had depths below the water table below 40 
feet and nitrate concentrations between 2 and 15 mg/L. 
Since land use 500 meters and 1000 meters up-gradient were two of the five 
highest variables, their relationship to nitrate concentrations were examined (Figures 74 
and 75). Higher nitrate concentrations 500 meters up-gradient were prevalent with 
raspberries, dairy/cattle, and rhubarb (Figure 74). Higher nitrate concentrations 1000 
meters up-gradient were associated with raspberries, com and pastures (Figure 75). 
Raspberries, dairy/cattle and com all involve application of large amounts of nitrogen, in 
the ammonium and nitrate form. Since the higher nitrate concentrations were also 
associated with shallow wells, it appears from this analysis, that local land use may be 
affecting the nitrate concentrations. In deeper wells there was no relationship between 
the land use and nitrate concentrations; therefore, there may be a deeper nitrate plume 
coming from further up-gradient. 
The data set was randomized 100 times and RIFFLE was implemented to check 
the validity on the NMC results. The average PRE values of the original data and the 
randomized data were compared. If the original PRE values were greater than the 
randomized PRE values, then the clusters were considered to be significant. Figure 76 
shows the histogram of the average PRE values for the randomized data and Figure 77 
shows the histogram of the non-randomized average PRE values. Knowing the value of 
the variable in the non-randomized data eliminated approximately 20% of the clustering 
errors. Only 10% of the errors can be eliminated in the randomized data. Therefore, the 
non-randomized data has a 10% greater chance of knowing the cluster membership than 
the randomized. 
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5. DISCUSSION 
Ground Water Movement and Nitrate Concentrations 
Vertical movement of ground water, associated with infiltration from the surface, 
may have affected the nitrate concentrations. The bivariate statistic, non-parametric 
correlations, showed that in general, the study area of the Abbotsford-Sumas aquifer had 
higher nitrate concentrations at shallow depths. The multivariate statistic, PCA, also 
represented shallow aquifer contamination in that the first component to be extracted 
showed that nitrate concentrations were inversely correlated with the depth below the 
water table. Clustering results grouped wells together that were shallow and had high 
nitrate concentrations. 
The exact source of high nitrate concentrations at shallow depths was unknown, 
but one possible explanation could be localized agricultural practices. For example, well 
18 had higher nitrate concentrations than a nearby deeper well, 26. Both wells 18 and 26 
were located down gradient from numerous raspberry fields, which are commonly 
fertilized using inorganic nitrogen. Another example is well 14, which contained high 
nitrate concentrations. This well was shallow, located on a dairy and surrounded by 
pastures. 
Several of the deeper wells in the Abbotsford-Sumas study area were inconsistent 
with the shallow aquifer contamination hypothesis, indicating that there could be a source 
of nitrate concentrations further up-gradient in Canada. Clustering analyses also showed 
that there were two sources of nitrates in the study area. A study conducted by 
Environment Canada from 1990 to 1999 (Figure 11) determined that there were elevated 
nitrate concentrations in Canada, just north of the United States border (Hii et al., 1999). 
Of the 14 Environment Canada sites that had data, nine had mean nitrate concentrations 
above the 10 mg/L limit (Table 12); therefore, higher nitrate concentrations in the 
northeast portion of the Abbotsford-Sumas study area could have been influenced by 
deeper Canadian nitrate sources. For example. Environment Canada sites 5 and 6 were 
located directly up-gradient from Abbotsford-Sumas wells 5 and 6, which had mean 
nitrate concentrations over 20 mg/L and were relatively deep. Several other wells in the 
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Abbotsford-Sumas study area could also have been affected by deeper up-gradient 
sources. Well 9 was 71 feet deep and had nitrate concentrations over 10 mg/L. Well 28, 
which was located at the same site as well 16 but was 40 feet deeper, and had a mean 
nitrate concentration which was 4.40 mg/L higher than well 16. 
The vertical extent of nitrate contamination in the Abbotsford-Sumas study area 
was difficult to determine due to the various depths at which each well was sampled. The 
Environment Canada study had several sites that contained nested piezometers that show 
trends in nitrate concentrations with depth. Environment Canada site 15 contained 
piezometers with depths from 11 to 71 feet below the ground surface. Figure 78 indicates 
that nitrate concentrations decreased with depth, which is in agreement with the 
hypothesis that there is shallow aquifer contamination in the Abbotsford-Sumas study 
area. Environment Canada site 10, had of nitrate concentrations that increased with depth 
(Figure 79), which supports the hypothesis that there may be higher nitrate concentrations 
coming from up-gradient that are affecting deeper wells. Environment Canada site 11 
contained piezometers with depths of 49 and 112 feet below the ground surface and 
showed that some sites may have had nitrate concentrations that were affected by both 
local agricultural practices and deep up-gradient sources or that there was a nitrate plume 
moving down gradient. The deeper piezometer at site 11, had lower nitrate 
concentrations than the shallower piezometer until 1997, when the deeper piezometer 
started to have increasing nitrate concentrations and the shallow piezometer started to 
have decreasing nitrate concentrations (Figure 80). 
Nitrate Reduction 
Denitrification may be occurring in the Abbotsford-Sumas study area and 
reducing nitrate concentrations. The bivariate statistical analysis showed that almost half 
of the wells in the study area might be experiencing denitrification (wells 3,4, 7, 8, 9, 11, 
12, 20, 21, 24 and 28). Since nitrates are known to exist in the study area and 
denitrifying bacteria is assumed to be present everywhere in agricultural soils (Paul et al., 
1997; Paul and Zebarth, 1997a; Paul and Zebarth, 1997b), carbon would be the limiting 
agent in the denitrification process. 
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The dairy farms in the study area should readily supply the denitrification process 
with enough organic carbon to proceed. Peat deposits found in the study area may be 
another source of organic carbon. Wells located south of Judson Lake, in the northern 
portion of the study area, appeared to have very low nitrate concentrations (wells 3,4 and 
23). One hypothesis was that wells south of Judson Lake were experiencing the effects 
of denitrification with the peat deposits supplying the organic carbon. Another 
hypothesis for these low nitrate concentrations was that Judson Lake was communicating 
with the ground water. Judson Lake could be a perched lake, allowing nitrate 
concentrations to be diluted. Pangbom Creek, located in the central portion of the study 
area, is another area that contains peat deposits. Well 15, located south of Pangbom 
Creek, contained lower nitrate concentrations than well 14 which was located up-gradient 
on a dairy farm and was extremely contaminated. The peat deposits in the Pangbom 
Creek area or the high proportion of dairy farming.fields in the area could be supplying 
the organic carbon necessary for denitrification at these wells. 
Denitrification may also have been occurring by iron reduction at several sites. 
Well 11 had noticeable iron present in the ground water, low dissolved oxygen 
concentrations and low nitrates. During the winter of 1998, the residents no longer 
noticed the iron and nitrate concentrations rose. This could indicate that iron was the 
limiting agent and the denitrification process could not proceed during this time period. 
The nitrogen cycle in the soil plays a large role in the amount of nitrates that are 
capable of leaching into the ground water. Due to the nature of my project, 
denitrification or synthesis of nitrates in the soil could not be determined, but it can be 
assumed that reduction of nitrate is occurring in the soil and that not all of the nitrogen 
applied as fertilizer leaches into the ground water. 
Temporal and Seasonal Variations 
Seasonality of nitrate concentrations was initially thought to be a large part of the 
nitrate temporal variations, but very little seasonality was seen in the study area. 
Bivariate statistical correlations indicated that there was no association between nitrates 
and the month of sampling or the amount of precipitation. When the mean nitrate 
concentration for each season was compared using ANOVA, the means tumed out to be 
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equal. Some wells did exhibit a seasonal trend when examined individually. Wells 7, 11, 
15, 16, 18 and 22 appeared to have higher nitrate concentrations at some time during the 
fall and winter. This was consistent with the nitrification in the summer and flushing of 
nitrates in the fall and winter theory proposed by Wassenaar (1995). Wells 1, 4 and 10 
had higher nitrate concentrations in the spring and summer, which could be related to the 
application of fertilizers for the growing season. The rest of the wells demonstrated 
variable nitrate concentrations or no trend, which could be associated with denitrification 
or changes in land use practices. 
Land Use 
Agricultural practices in the study area could be influencing the nitrate 
concentrations. Many of the shallow wells had high nitrate concentrations and 
agricultural practices seem to be a likely explanation for these elevated concentrations. 
The categorical variable analysis, ANOVA, determined that the mean nitrate 
concentration at a well could not differentiate the land use up-gradient. Therefore, the 
effect of raspberry versus dairy farming practices on nitrate concentrations was 
inconclusive. The cluster with the highest average PRE determined by Non-Metric 
Clustering showed that land use 500 or 1000 meters up-gradient may have an influence 
on nitrate concentrations in shallow wells, but again raspberry and dairy practices could 
not be differentiated. Fertilization records at dairy farms and raspberry fields were 
extremely difficult to obtain during the study; therefore, only generalizations on the 
effects of land use and nitrate concentrations could be determined. 
The Washington State University's Cooperative Extension program conducted a 
soil nutrient study in 1996 and 1997 on an undisclosed farm in the study area (Cogger, 
personal communication, 2000). High levels of nitrogen were found to remain in the soil 
after the growing season in 1996, increasing the risk of leaching in the fall due to 
precipitation. Cornfields were also found to have higher nitrogen levels in the soil when 
measured in the fall than grasses and pasture fields. These facts led to a slight change in 
agricultural practices by the farmer in 1997. Winter rye was planted after the com was 
harvested to use up the excess nitrogen in the soil. This change in agricultural practices 
may be the cause for the decreasing concentrations of nitrates seen at several wells. 
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Implementation of Best Management Agricultural Practices may also have lead to 
the decreasing nitrate concentrations seen in several of the shallow wells during the study 
period. Once the Dairy Nutrient Management laws are in effect, there may be a further 
reduction in nitrate concentrations. 
Multivariate Statistics 
The multivariate statistical analysis attempted to classify wells by their probable 
nitrate source in order to understand nitrate trends. PCA supported the findings of the 
bivariate statistics, that the nitrate concentrations are inversely correlated with the depth 
below the water table. PCA also revealed that chloride and specific conductance values, 
which are associated with agricultural contamination, help to explain the variance seen in 
the data set and that seasonality was not a major component. 
Clustering indicated that different sources of nitrates occur in the study area. 
Metric clustering (hierarchical and k-means) had numerous missing values, but the wells 
that had highly distinguishable characteristics were consistent with non-metric clustering 
results. The non-metric clustering results showed that there appeared to be three 
distinguishable clusters of data that may represent different sources of nitrate 
contamination or nitrate reduction processes. Shallow, highly contaminated wells 
clustered together (1, 2, 14, 18 and 21) and deep contaminated wells (5, 6, 7, 9 and 10) 
with nitrate concentrations around 10 mg/L clustered together. These clusters showed 
that there might be two nitrate sources in the study area, one due to local agricultural 
practices and one due to deeper up-gradient sources. Wells with little or no nitrate 
concentrations (3, 4, 8, 12, 21 and 23) also clustered together indicating wells that may be 
influenced by denitrification. There were also many wells that appeared in more than one 
cluster, which indicated that there was probably not one type of nitrate source or process 
occurring, but many different processes occurring at the same time. 
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6. CONCLUSIONS 
Univariate, bivariate and multivariate statistics demonstrated that nitrate 
concentrations in the Abbotsford-Sumas aquifer were influenced by many factors. These 
factors include: ground water movement, chemical and biological processes such as 
denitrification, temporal and seasonal variations, and land use practices. Many of the 
wells in the study area were affected by several, if not all, of these processes, so 
distinguishing the process that was most influential on the nitrate concentrations proved 
to be quite difficult. Local characteristics seemed to play a large role in the nitrate 
concentrations. For example, wells south of Judson Lake seemed to have lower nitrate 
concentrations than the rest of the study area. Agricultural practices were known to be 
affecting nitrate concentrations, but differentiating the impact of a particular local land 
use (berry fields versus dairy farms) on nitrate concentrations by ANOVA was 
inconclusive. Denitrification was determined to be occurring at many of the wells in the 
study area, but the extent of its effect on nitrate concentrations could not be established. 
Since a general trend throughout the study area was not apparent, a summary of trends, 
possible denitrification and nitrate concentrations at each well is shown in Table 13. 
The two most important factors that may help to distinguish the source of nitrate 
concentrations were associated with the movement of ground water. One source may be 
due to local agricultural practices affecting shallow wells. The nitrate concentrations at 
these wells should fluctuate according to the nitrogen inputs from the surface and the 
leaching of nitrates due to precipitation events. Fertilization records during the time of 
sampling were unattainable; therefore, trends associated with shallow wells were difficult 
to analyze. The other source may be due to land use practices up-gradient in Canada that 
were affecting the deeper wells in the study area. These wells may not show fluctuations, 
but a steady increase or decrease in nitrate concentrations. The NMC results showed that 
there were three distinct groups of data. All of the wells that were associated with deeper 
up-gradient sources did not show a steady increase or decrease in nitrate concentrations, 
and not all of the wells that were associated with local agricultural practices showed 
nitrate fluctuations. This exemplifies the complicated nature of the nitrate concentration 
trends in the Abbotsford-Sumas study area. 
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7. FUTURE STUDIES 
This study has shown that agricultural practices in the United States and in 
Canada may be affecting the nitrate concentrations seen in the Abbotsford-Sumas aquifer. 
Improvements in land use practices and the implementation of the Dairy Nutrient 
Management Act may lead to a decrease in the nitrate concentrations in the future, but 
exact sources and the extent need to be determined to achieve a permanent decrease in 
nitrate concentrations. Future studies, to improve knowledge of nitrate concentrations in 
the Abbotsford-Sumas aquifer, may include the following. 
1. Study the effect of peat deposits near Judson Lake and Pangbom Lake on 
denitrification and nitrate concentrations 
2. Constmct vertical profiles of the nitrate plume that may help determine if 
nitrate concentrations are due to local or up-gradient sources. 
3. Study the effect of the new laws implemented by the Dairy Nutrient 
Management on nitrate concentrations. 
4. Study the effect of denitrification beneath the water table and in the soil on 
nitrate concentrations. 
5. Design a nitrogen cycle model using nitrogen inputs from the ground surface, 
soil nitrogen interactions and ground water nitrogen interactions. 
6. Analyze nitrate concentration trends in the ground water, by using local 
nitrogen inputs to see if seasonality actually exists. 
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Parameter Method Detection Limits 
Ammonia Phenate method 0.021 mg-N/L 
Nitrate + nitrite Automated Cadmium Reduction 0.006 mg-N/L 
Nitrite Spectrophotometric 0.0009 mg-N/L 
Chloride Ion Chromatography n/a 
Table 1. Analytical methods and detection limits for lab analysis of chemical 
parameters. 
45 
Variable Type of 
Variable 
Source 
Total Nitrogen (TN) Continuous Ground Water Monitoring Program 
Nitrate (NO3) Continuous Ground Water Monitoring Program 
Nitrite (NO2) Continuous Ground Water Monitoring Program 
Ammonium (NH4) Continuous Ground Water Monitoring Program 
Chloride (CI) Continuous Ground Water Monitoring Program 
pH Continuous Ground Water Monitoring Program 
Specific Conductance 
(SC) 
Continuous Ground Water Monitoring Program 
Dissolved Oxygen 1 Continuous 
(DO) 1 
Ground Water Monitoring Program 
Temperature (T) Continuous Ground Water Monitoring Program 
Month (Mon) Categorical Ground Water Monitoring Program 
Day Categorical Ground Water Monitoring Program 
Year Categorical Ground Water Monitoring Program 
Static Water Level 
(SWL) 
Continuous Ground Water Monitoring Program 
(Casing height - measured static water 
level) 
Well Depth (WD) Continuous Well logs and personal communication 
Depth Below Water 
Table (DBWT) 
Continuous Ground Water Monitoring Program 
(Well depth - measured static water level) 
Depth to Screened 
Interval (DSI) 
Continuous Well logs 
Precipitation (PREC) 
(Previous 30 days) 
Continuous National Climatic Data Center's Clearbrook 
COOP gauging station 
Land Use 100m up 
gradient (Up 100) 
Categorical Nanus, 2000 Land Use Map 
Land Use 500m up 
gradient (Up500) 
Categorical Nanus, 2000 Land Use Map 
Land Use 1000m up 
gradient (Up 1000) 
Categorical Nanus, 2000 Land Use Map 
Soil Type (Soil) Categorical 1992 Soil Conservation Survey 
Sediment Tapped 
(Strat) 
Categorical Well logs 
Season Categorical Stasney, 2000 
Table 2. Variables used in the statistical analysis, including variable type and 
variable source. 
46 
Sampling Date Precipitation (in) 
April 1997 5.94 
May 1997 5.59 
June 1997 5.15 
July 1997 2.81 
August 1997 2.52 
September 1997 2.19 
October 1997 6.60 
November 1997 4.42 
December 1997 4.96 
January 1998 7.30 
February 1998 4.72 
March 1998 3.59 
April 1998 3.75 
May 1998 1.38 
June 1998 4.29 
July 1998 3.08 
August 1998 0.00 
September 1998 0.12 
October 1998 3.18 
November 1998 3.62 
December 1998 9.23 
January 1999 n/a 
Table 3. Cumulative precipitation values for 30 days prior to sampling. 
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Land Use Codes Soil Type 
1 raspberries 1 Pangbom Muck 
2 com 2 Jug very gravelly loam 
3 other crops 3 Clipper silt loam 
4 hazelnuts 4 Kickerville silt loam, 3-8% 
5 dairy/cattle 5 Kickerville silt loam, 8-15% 
6 pasture 6 Skipopa silt loam 
7 Judson Lake 
8 house/building Sediment Type 
9 Pangbom Creek 1 gravel 
10 rhubarb 2 sand and gravel 
11 no farm use 3 coarse gravel 
12 flowers 4 sand, clay underlain 
13 gravel pit 5 sand 
-99 not available -99 not available 
Categorical codes for Table 4. 
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well # Nitrate Mean 100m up 500m up 1000m up Soil Sediment 
(mg/L) gradient gradient gradient Type Type 
1 12.01 1 2 1 1 -99 
2 14.36 3 4 4 2 1 
3 0.01 5 6 -99 2 2 
4 1.78 5 6 -99 2 -99 
5 11.77 1 1 -99 2 -99 
6 12.53 1 1 7 . 2 3 
7 8.67 2 1 7 2 3 
8 2.15 8 -99 2 -99 
9 12.48 8 1 7 2 2 
10 10.73 8 1 7 2 1 
11 2.43 2 1 1 2 2 
12 0 1 1 1 2 • 2 
13 12.51 6 1 1 3 -99 
14 24.29 5 5 2 2 4 
15 4.65 9 5 6 5 -99 
16 8.79 8 5 6 4 -99 
17 10.44 6 9 5 5 -99 
18 21.09 1 10 1 4 -99 
19 2.38 6 11 5 4 -99 
20 2.23 5 13 11 6 -99 
21 0.01 6 2 2 2 1 
22 5.92 1 5 -99 2 1 
23 0.98 2 7 -99 2 1 
24 19.88 12 1 6 2 -99 
26 7.85 1 10 1 4 5 
28 12.28 8 5 6 4 -99 
Table 4. Mean nitrate concentration and categorical variable values at each well 
site. 
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Categorical 
Variable 
Critical F Calculated F Significance 
Land use up 
gradient 100 m 
2.58 0.850 0.562 
Land use up 
gradient 500 m 
2.54 1.120 0.354 
Land use up 
gradient 1000m 
2.92 0.373 0.883 
Sediment tapped 
(strat) 
3.84 2.734 0.105 
Soil type 2.71 0.349 0.877 
Table 5. ANOVA results for categorical variables. If the critical F value is greater 
than the calculated F value, then the mean nitrate concentrations are equal. 
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Spr 97 Sum 97 Fall 97 Win 97 Spr 98 Sum 98 Fall 98 Win 98 
Mean Mean Mean Mean Mean Mean Mean Mean 
WELL# NO3 NO3 NO3 NO3 NO3 NO3 NO3 NO3 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
1 13.26 11.49 10.47 12.04 13.59 12.36 12.04 10.91 
2 16.18 14.75 14.95 14.45 14.60 13.38 13.26 13.66 
3 0.01 0.01 0.01 0.01 0.01 0.01 -0.01 -0.01 
4 2.49 0.35 0.12 1.67 4.66 1.95 1.70 1.40 
5 8.34 8.70 10.16 11.05 12.02 14.21 15.41 13.80 
6 11.69 12.06 12.14 13.05 13.89 n/a n/a n/a 
7 8.39 7.36 9.37 9.73 9.08 8.65 8.77 7.49 
8 9.84 2.04 0.49 0.72 0.85 1.21 1.17 3.34 
9 26.28 16.93 15.93 13.40 11.23 7.54 5.69 4.95 
10 11.90 11.53 11.11 9.60 8.68 10.00 11.80 11.50 
11 1.41 2.01 2.18 1.69 1.88 3.76 4.45 1.36 
12 0.01 0.01 0.00 0.01 0.00 0.01 0.00 -0.01 
13 23.56 18.96 11.73 9.87 11.02 9.93 8.81 8.58 
14 30.80 30.21 28.43 25.92 - 20.44 20.47 19.32 19.18 
15 2.49 2.66 3.14 3.65 3.40 5.87 9.14 7.66 
16 5.60 7.75 11.58 9.22 7.84 10.11 n/a n/a 
17 10.16 11.18 10.93 10.51 10.71 9.65 9.69 10.65 
18 23.08 29.43 30.86 23.69 16.54 13.96 14.74 15.12 
19 3.17 2.89 2.18 2.24 2.30 2.12 2.44 1.82 
20 2.24 2.27 1.92 2.17 2.27 2.38 2.26 2.42 
21 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 
22 n/a 5.85 4.07 4.38 6.65 6.18 5.89 9.67 
23 n/a 0.29 0.18 0.63 0.84 1.16 1.97 1.81 
24 n/a 0.17 27.29 24.77 n/a n/a n/a n/a 
26 n/a n/a n/a n/a 7.46 8.22 7.88 n/a 
28 1 n/a n/a n/a n/a n/a 12.55 13.83 12.55 
Spr 97 = April 97, May 97 
Sum 97 = June 97, July 97, August 97 
Fall 97 = September 97, October 97, November 97 
Win 97 = December 97, January 98, February 98 
Spr 98 = March 98, April 98, May 98 
Sum 98 = June 98, July 98 August 98 
Fall 98 = September 98, October 98, November 98 
Win 98 = December 98, January 99 
Table 6. Mean nitrate concentrations per season. 
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Categorical 
Variable 
Critical F Calculated F SigniHcance 
Season 2.01 0.456 0.865 
Table 7. ANOVA results for the season categorical variable. If the critical F value 
is greater than the calculated F value, then the mean nitrate concentrations are 
equal. 
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1 Component 
Variable 1 2 3 4 5 6 
Total Nitrogen .818 .426 -.002 .099 .058 .245 
Nitrate .822 .425 -.009 .092 -.066 .239 
Nitrite -.079 -.060 .137 .324 .623 -.338 
Ammonium -.167 -.373 .453 -.091 -.343 -.450 
Chloride -.028 .910 -.008 -.064 -.031 -.133 
PH -.747 .044 .021 .094 -.016 -.122 
Specific Conductance .279 .925 .001 -.127 .012 .004 
Dissolved Oxygen .209 -.173 -.002 .008 .047 .847 
Temperature -.127 .252 -.051 -.800 .336 -.062 
Month .030 .001 -.011 -.120 .869 .214 
Precipitation -.098 .040 -.064 .824 .267 -.015 
Static Water Level .209 -.066 .859 -.005 .059 -.122 
Well Depth -.411 .081 .891 .011 .035 .068 
Depth Below Water Table -.668 .218 - .488 .036 -.034 .254 
Table 8. Final rotated component matrix for PCA. 
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CLUSTER 
Variable 1 2 3 4 5 
NO2 0.003 0.001 0.001 0.001 0.002 
NH4 0.073 0.000 -0.002 0.005 0.006 
CI 2.787 5.941 14.966 9.421 15.043 
pH 6.336 6.356 6.081 6.441 6.278 
SC 113.5 181.4 298.2 207.3 248.0 
DO 5.37 5.81 5.61 7.70 3.76 
T 10.6 10.9 13.3 10.5 11.7 
Mon 7 7 8 7 5 
Year 1998 1998 1997 1997 1998 
Time 12 12 9 9 12 
DBWT 20.63 21.28 18.53 49.65 20.51 
UplOO 4 4 4 1 5 
UpSOO 4 7 6 1 5 
UplOOO 4 5 2 7 2 
Soil 3 3 3 2 3 
Season 5 4 3 4 4 
SWL 31.67 17.53 23.25 51.35 22.34 
NO3 4.309 10.171 20.816 12.907 11.701 
PREC 4.33 4.36 3.66 4.27 4.69 
TN 4.315 10.133 20.767 12.725 11.540 
WD 52.75 37.92 40.27 95.00 41.28 
Table 9. Final cluster centers for k-means clustering (day, sediment tapped (strat) 
and depth to screened interval (DSI) omitted). 
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CLUSTER 
Variable 1 2 3 4 5 
NO2 0.003 0.002 0.001 0.002 0.001 
NII4 0.095 0.026 0.002 0.003 0.002 
CI 3.402 2.552 10.218 15.951 6.172 
PH 6.344 6.377 6.406 6.211 6.334 
SC 129.6 94.4 207.2 174.2 183.7 
DO 4.73 5.99 6.49 4.46 5.69 
T 11.0 10.3 10.6 12.2 11.1 
Mon 7 6 6 7 7 
Year 1998 1998 1998 1998 1998 
Time 12 11 10 10 12 
DBWT 36.91 12.24 30.43 20.58 20.53 
SWL 35.40 23.60 57.63 22.22 18.28 
NO3 4.295 2.605 11.962 15.988 10.534 
PREC 4.34 4.52 4.05 4.28 4.34 
TN 4.424 2.455 11.921 14.842 10.506 
WD 73.96 35.09 81.84 41.04 37.93 
Season 5 4 4 4 4 
Table 10. Final cluster centers for k-means clustering (day, sediment tapped (strat), 
depth to screened interval (DSI), land use and soil type omitted). 
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VARIABLE PRE 
SWL 0.245 
WD 0.180 
TN 0.672 
NO3 0.652 
NO2 0.014 
NH4 0.131 
CI 0.154 
pH 0.136 
SC 0.199 
DO 0.145 
T 0.112 
Month 0.023 
Year 0.044 
PREC 0.032 
Time 0.043 
DBWT 0.312 
UplOO 0.211 
UpSOO 0.468 
UplOOO 0.448 
Soil 0.280 
Strat 0.172 
DSI 0.146 
Season 0.024 
Average PRE 0.211 
Table 11. Summary of PRE values for highest average PRE in non-metric 
clustering procedure. 
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Site# Piezometer 
Name 
Depth Below 
Ground Surface 
(ft) 
N03 (mg/L) 
3 ABBl 25.42 13.84 
4 ABB2 24.46 8.06 
5 ABBS 56.75 35.10 
6 ABB4 93.92 24.75 
1 ABB5 28.38 19.45 
8 ABB6 29.34 10.25 
10 91-4 147.66 15.61 
10 91-5 100.79 17.37 
10 91-6-1 94.05 13.24 
10 91-7 73.51 9.63 
11 91-8 112.35 17.67 
11 91-10 49.11 30.85 
13 91-13 64.52 17.84 
13 91-15 31.46 16.06 
14 1 PA5 31.46 3.22 
15 PB25 11.24 19.97 
15 PB35 31.46 17.49 
15 PB55 50.72 8.34 
15 PB75 70.62 4.03 
16 PC35 31.46 16.19 
17 1 94SH29 93.09 13.00 
18 94014 44.94 10.08 
18 1 94027 86.67 9.65 
Table 12. Mean nitrate concentrations for Environment Canada study 
(January 1990 through January 1999). 
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Figure 2. Location of wells in the Abbotsford-Sumas study area (Mitchell et al., 
In Press). 
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Source: Derived from Natural Resources 
Conservation Service Soil Survey for Whatcom 
County and The Private Forest Land Grading 
project by the State of Washington. Managed 
by Whatcom County Planning & Development. 
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Figure 3. Location of soil types in the Abbotsford-Sumas study area 
(Mitchell et. al.. In Press). 
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Figure 4. Histogram of historical temperatures 
(National Climatic Data Center, Clearbrook, WA). 
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Figure 5. Histogram of historical precipitation 
(National Climatic Data Center, Clearbrook, WA). 
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Figure 6. Surficial geology of the Abbotsford-Sumas study area 
(Mitchell et al.. In Press). 
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Scale: 1 i nch = 2165 feet Contour Interval: 5 feet 
Figure 7. Water table contours. Spring 1997 (Mitchell et al.. In Press). 
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Figure 8. Water table contours, Winter 1997 (Mitchell et al., In Press). 
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Figure 9. The atmospheric and subsurface nitrogen cycle. 
(Modified from Hounslow, 1995) 
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Source: Reid survey conducted 
Summer 1997.Base parcel layer 
from Whatcom County Ptanrvng 
and Development 
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Figure 10. Land use map of the Abbotsford-Sumas study area 
(Mitchell et al.. In Press). 
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Figure 12. Description of Boxplots. 
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Figure 13. Boxplot of Static Water Levels. 
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Figure 14. Boxplot of Depth Below the Water Table. 
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Figure 15. Boxplot of Ammonium Concentrations. 
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Figure 16. Boxplot of Total Nitrogen Concentrations. 
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Figure 17. Boxplot of Nitrate + Nitrite Concentrations. 
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Figure 18. Boxplot of Nitrite Concentrations. 
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Figure 19. Boxplot of Chloride Concentrations. 
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Figure 20. Boxplot of Specific Conductance Values. 
78 
T I I I I r~~i -f— y—I —J' —j I' I I I I I I I I I I I 
11 13 15 17 
Well Number 
19 21 
Figure 21. Boxplot of pH Values. 
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Figure 22. Boxplot of Dissolved Oxygen Concentrations. 
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Figure 23. Boxplot of Ground Water Temperatures. 
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Figure 24. Scatterplot of Well Depth versus Nitrate Concentration. 
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Figure 25. Scatterplot of Depth Below the Water Table versus Nitrate 
Concentrations. 
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Figure 26. Scatterplot of Static Water Level versus Nitrate Concentration.
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Figure 27. Scatterplot of Chloride versus Nitrate Concentrations.
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Figure 28. Scatterplot of Dissolved Oxygen versus Nitrate Concentrations.
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Figure 29. Scatterplot of Precipitation versus Nitrate Concentration.
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Well Number
Figure 56. Scatterplot o f well number and the PC A first factor score.
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Figure 57. Scatterplot o f PCA results, first component score versus second 
component score, coded by well number.
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Figure 58. Scatterplot o f PCA results, third component score versus 
second component score, coded by well number.
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Figure 59. Scatterplot o f PCA results, first component score 
versus third component score, coded by well number.
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Figure 60. Scatterplot o f PCA results, first component score versus 
fourth component score, coded by well number.
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Figure 61. Scatterplot o f  PC A results, second component score versus 
fourth component score, coded by well number.
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Figure 62. Scatterplot o f PCA resutls, third component score versus 
fourth component score, coded by well number.
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Figure 63. Scatterplot o f well number versus nitrate concentrations, 
coded by hierarchical cluster number where day, sediment tapped (strat) 
and depth to screened interval (DSI) are omitted.
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Figure 64. Scatterplot o f  depth below the water table versus nitrate 
concentrations, coded by hierarchical cluster number where day, 
sediment tapped (strat) and depth to screened interval (DSI) are omitted.
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Figure 65. Scatterplot o f well number versus nitrate concentrations, 
coded by hierarchical cluster number where day, sediment tapped (strat), 
depth to screened interval (DSl), land use and soil type are omitted.
123
40
Cluster
Number
< 5
A  3
O cfD C IICI □ 2
-5 T----------1----------1 I I I---------- 1----------1---------- 1 I I---------- r
+ 1
0 10 20 30 40 50 60 70
DBWT (ft)
Figure 66. Scatterplot o f depth below the water table versus nitrate 
concentrations, coded by hierarchical cluster number where day, 
sediment tapped (strat), depth to screened interval (DSI), land use 
and soil type are omitted.
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Figure 67. Scatterplot o f well number versus nitrate concentration, 
coded by k-means cluster number where day, sediment tapped (strat) 
and depth to screened interval (DSI) are omitted.
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Figure 68. Scatterplot o f depth below the water table versus nitrate 
concentrations, coded by k-means cluster number where day, sediment 
tapped (strat) and depth to screened interval (DSI) are omitted.
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Figure 69. Scatterplot o f  well number versus nitrate concentrations, 
coded by k-means cluster where day, sediment tapped (strat), depth 
to screened interval (DSl), land use and soil type are omitted.
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Figure 70. Scatterplot o f  depth below the water table versus nitrate 
concentraions, coded by k-means cluster number where day, sediment 
tapped (strat), depth to screened interval (DSI), land use and soil type 
are omitted.
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Figure 72. Scatterplot o f well number versus nitrate concentration, 
coded by non-metric cluster number.
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Figure 73. Scatterplot o f depth below the water table versus 
nitrate concentrations, coded by non-metric cluster number.
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Figure 74. Scatterplot o f land use up gradient 500 meters versus 
nitrate concentrations, coded by non-metric cluster number.
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Figure 75. Scatterplot o f land use up gradient 1000 meters versus 
nitrate concentrations, coded by non-metric cluster number.
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Figure 76. Histogram of average PRE values for randomized 
non-metric clustering data.
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Figure 77. Histogram of average PRE values for non-randomized 
non-metric clustering data.
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Figure 80. Scatterplot of Environment Canada site 11 nitrate concentrations over 
time, including piezometer name and its depth below the ground surface.
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SOIL AND WELL LOG DESCRIPTIONS
138
W ell# H ydrostratigraphy Screened Soil Type
Interval
(ft)
Depth (ft) m aterial Nam e Depth(in) Perm eability (in/hr)
1 0-30 Pangbom 0-15 0.6-2.0
Muck
50-60 0.6-2.0
2 0-2 soil 26-34 Jug Very 
Gravelly Loam
0-9 0.6-2.0
2-34 gravel 9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
3 0-1 topsoil 87-92 Jug Very 
Gravelly Loam
0-9 0.6-2.0
1-8 brown sand & 
gravel & wood
9-22 0.6-2.0
8-32 brown gravel 22-32 0.6-2.0
32-48 brown gravel, sand 32-60 >20
& water
48-59 rusty brown gravel
& water
59-79 greenish gray 
sand, gravel &
water
79-92 gray gravel, sand
& water
92 grav clay
4 0-20 Jug Very 0-9 0.6-2.0
Gravelly Loam
9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
5 -7 0 Jug Very 0-9 0.6-2.0
Gravelly Loam
9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
6 0-2 silt gravel & none Jug Very 0-9 0.6-2.0
topsoil Gravelly Loam
2-90 gravel & sand 9-22 0.6-2.0
90-95 coarse gravel 22-32 0.6-2.0
32-60 >20
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W ell# Hydrostratigraphy Screened Soil Type
Interval
(ft)
Depth (ft) material Name Depth(in) Permeability (in/hr)
7 0-3 top soil none Jug Very 
Gravelly Loam
0-9 0.6-2.0
3-32 gravel and 9-22 0.6-2.0
boulders
32-52 sand & gravel 22-32 0.6-2.0
alluvium
52-77 coarse gravel 32-60 >20
8 n/a Jug Very 0-9 0.6-2.0
Gravelly Loam
9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
9 0-1 top soil 66-71 Jug Very 
Gravelly Loam
0-9 0.6-2.0
1-2 sandy loam 9-22 0.6-2.0
2-31 sand, gravel & 
boulders (dry)
22-32 0.6-2.0
31-71 sand, gravel & 
boulders (water)
32-60 >20
10 0-2 gravel 42-50 Jug Very 
Gravelly Loam
0-9 0.6-2.0
2-3 red clay 9-22 0.6-2.0
3-38 cemented gravel 22-32 0.6-2.0
38-43 dry loose gravel 32-60 >20
43-50 fine gravel with
water
50 gray clay
11 0-3 tan sand & gravel none Jug Very 0-9 0.6-2.0
loam Gravelly Loam
3-6 tan gravel, clay & 9-22 0.6-2.0
sand
6-10 gravel 22-32 0.6-2.0
10-11 boulders 32-60 >20
11-45 gravel
45-52 brown sand & 
gravel - seepage
52-59 brown sand &
gravel - water
59-61 brownish gray 
sand & water
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W ell# Hydrostratigraphy Screened
Interval
(ft)
Soil Type
Depth (ft) material Name Depth(in) Permeability (in/hr)
12 0-2
2-25
25-51
51-75
topsoil
gray gravel sand 
brown gravel sand
gray gravel sand & 
water
70-75 Jug Very 0-9 0.6-2.0 
Gravelly Loam
9-22 0.6-2.0 
22-32 0.6-2.0
32-60 >20
13 0-40 Clipper Silt 0-9 0.6-2.0 
Loam
9-18 0.6-2.0 
18-30 2.0-6.0 
30-60 6.0-20
14 0-2
2-4
4-8
8-9
dark brown topsoil
light reddish 
brown fine sand & 
gravel 
brown gravel & 
little fine sand 
reddish brown 
gravel & little fine 
sand
20-25 Jug Very 0-9 0.6-2.0 
Gravelly Loam
9-22 0.6-2.0
22-32 0.6-2.0 
32-60 >20
14 9-10.5
10.5-13
13-17
17-22
22-25.5
25.5
dark reddish 
brown gravel & 
little fine sand 
brown gravel & 
little fine sand 
blackish brown 
gravel & fine sand
reddish brown 
gravel & fine sand
clean dark brown 
sand & water 
gray clay
15 0-30 Kickerville Silt 0-3 0.6-2.0 
Loam
8-15% Slopes 3-19 0.6-2.0 
19-24 0.6-2.0 
24-60 >20
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W ell# Hydrostratigraphy Screened Soil Type
Interval
(ft)
Depth (ft) material Name Depth(in) Permeability (in/hr)
16 0-60 Kickerville Silt 0-9 0.6-2.0
Loam
3-8 % Slopes 9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
17 0-37 Kickerville Silt 0-3 0.6-2.0
Loam
8-15 % Slopes 3-19 0.6-2.0
19-24 0.6-2.0
24-60 >20
18 0-43 Kickerville Silt 0-9 0.6-2.0
Loam
3-8 % Slopes 9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
19 ~25 Kickerville Silt 0-9 0.6-2.0
Loam
3-8% Slopes 9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
20 0-47 Skipopa Silt 0-8 0.6-2.0
Loam
8-20 0.6-2.0
20-60 <0.06
21 0-1 topsoil none Jug Very 
Gravelly Loam
0-3 0.6-2.0
1-57 gravel 3-19 0.6-2.0
19-24 0.6-2.0
24-60 >20
22 0-2 soil none Jug Very 
Gravelly Loam
0-9 0.6-2.0
2-34 gravel 9-22 0.6-2.0
22-32 0.6-2.0
32-60 >20
23 0-4 topsoil none Jug Very 
Gravelly Loam
0-9 0.6-2.0
4-27 hardpan 9-22 0.6-2.0
27-48 sand & gravel 22-32 0.6-2.0
48-50 hardpan 32-60 >20
50-70
70-75
hardpan & gravel 
coarse gravel
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APPENDIX B
WELL ADDRESSES AND GPS LOCATIONS
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APPENDIX C 
FIELD NOTES
147
Date W ell# Comments
5/6/97 21 Liquid fertilizer application to field to the north
6/11/97 3 Liquid fertilizer application to adjacent field (south)
6/11/97 7 Liquid fertilizer application to field across road (east)
6/11/97 9 Liquid fertilizer application to field directly behind house (south)
6/11/97 11
Field to the east had liquid fertilizer applied for the first time at 11pm
on 6-10-97
6/11/97 24 Liquid fertilizer application to field behind house (south)
6/12/97 17 Liquid fertilizer application to field to the north
8/13/97 9
Liquid fertilizer application to fields next to (east) and south of the 
house
8/14/97 3 Irrigating the field next to the house (south)
8/14/97 7 Irrigating the field to the south of the house
10/7/97 7 Liquid fertilizer application on field to the south of the house
10/7/97 9 Liquid fertilizer application to field directly behind house (south)
10/7/97 11
Rye grass planted over old corn crop on field across from house (east) 
and being fertilized
10/7/97 17 Water sample taken through Britta Filter
11/10/97 23 Solid manure application on field south west of the house
12/10/97 23 Solid manure application on field to the south west
1/15/98 15 Water sample taken from inside house
1/15/98 17 Solid manure application on field across the street (north)
2/4/98 8 Water sample taken from inside house
3/3/98 3
Rumors of solid manure application on fields adjacent to (south) and 
across the street (east)
3/5/98 18 Solid manure application on field to the north
4/8/98 6 Surrounding fields recently plowed
4/8/98 11 Liquid fertilizer application on the field to the east began in mid March
4/9/98 6
Surrounding fields planted with berries, solid manure spread on fields 
after tillage
5/6/98 3 Liquid fertilizer application to adjacent field (south)
5/6/98 7
Irrigating field adjacent to house (south), liquid fertilizer applied over 
solid manure
5/6/98 11
Irrigating field behind house, liquid fertilizer applied over solid 
manure on field to the north
5/7/98 17 Liquid fertilizer application to field behind house
7-18/19-98 pH probe bad
8/12/98 8 Water sample taken from inside the house
9/16/98 7 Com in adjacent field cut, underground liquid fertilizer applied
9/16/98 8 Irrigating field to the north
9/17/98 15 Iron noticeable in water
9/17/98 28 Iron noticeable in water
10/14/98 3
During the past month, the field to the east has had solid manure 
application and irrigation
11/10/98 11 No sign of iron present in water
1/18/99 11 Iron noticeable in water again
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APPENDIX D
VARIABLE ACRONYMS
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DBWT -  the depth below the water table, equals the well depth minus the static water 
level, (feet)
DO -  Dissolved oxygen. (mg/L)
DSI -  Depth to the top of the screened interval, (feet)
NH4 -  Ammonium. (mg/L)
NO2 -  Nitrite. (mg/L)
NO3 -  Nitrate as nitrogen. (mg/L)
PREC -  Cumulative precipitation for the 30 days preceding sampling, (inches)
SC -  Specific Conductance (uS)
Soil -  the soil type found at the well site.
Strat -  the sediment type found at the intake point of the well.
SWL -  Static Water Level, also represents the depth of the vadose zone, (feet)
T -  Ground water temperature. (°C)
TN -  Total Nitrogen. (mg/L)
Up 100 -  Land use 100 meters up gradient.
UpSOO -  Land use 500 meters up gradient.
UplOOO -  Land use 1000 meters up gradient.
WD -  Well Depth, (feet)
Cl -  Chloride (mg/L)
150
APPENDIX E
ABBOTSFORD-SUMAS DATA SET
151
well cswl wd tn no3 no2 nh3 cl ph cond do tem p
1 2.753 30 14.693 12.924 0 -0.001 NA 6.58 256.3 10.97 9.8
1 3.12 30 13.391 13.593 0.001 0.005 NA 6.659 183.2 10.89 9.8
1 3.84 30 13.26 12.827 0.001 -0.001 NA 6.47 192 NA 14.4
1 4 30 11.9 11.048 0 -0.004 4.72 6.33 181 4.46 12.3
1 5.13 30 10.35 10.609 0 0.002 4.65 6.22 185.9 3.27 15.4
1 5.67 30 11.61 10.972 0.001 0.007 4.53 6.435 181.4 NA 13.5
1 5.67 30 11.01 10.683 0.001 -0.004 4.61 6.16 180 6.96 13.5
1 5.25 30 10.33 9.762 0.004 0.006 4.65 5.86 179.7 4.8 12.4
1 4.84 30 10.83 10.385 0.001 0.003 5.13 5.978 174.8 5.88 11.5
1 3.82 30 12.65 12.035 0.001 0 4.81 6.223 160.4 5.51 8.3
1 3.22 30 13.277 13.686 0.002 0.002 5.24 6.262 167.2 7.26 9.5
1 3.753 30 13.37 12.71 0.002 0.007 5.38 6.252 167.3 5.44 9.2
1 4.02 30 13.794 13.846 0.001 0.001 5.77 6.037 176 7.15 10.1
1 4.82 30 12.034 14.219 0.001 -0.007 5.78 5.866 178 5.21 11
1 5.67 30 11.698 12.293 0 -0.003 5.53 NA 180.9 4.9 11.9
1 6.12 30 12.839 12.192 0.002 0.01 5.71 5.836 192.3 5.28 15.2
1 7.503 30 12.888 12.592 0.001 -0.002 5.96 NA 188.5 3.76 14.8
1 8.48 30 13.176 12.01 0.003 0.008 5.87 NA 185.1 3.9 15
1 8.42 30 13.091 12.042 0.001 0.031 5.69 NA 178 2.83 13.2
1 9.1075 30 12.471 12.08 0.001 0 . 6.04 6.275 182.5 4.96 11.7
1 6.295 30 11.644 12.051 0.006 0.001 6.49 6.064 183.3 3.82 11.2
1 3.8366 30 9.252 9.77 0.002 -0.013 4.37 6.044 148.2 7.17 8.7
2 19.333 34 17.156 15.958 0 -0.004 NA 6.341 193.1 9.5 10.1
2 20.15 34 17.685 16.396 0.002 -0.005 NA 6.39 193 8.15 10
2 21.05 34 14.65 14.985 0.001 -0.003 NA 6.28 195 7.3 11.4
2 21.85 34 15.4 14.453 0 0.001 4.83 6.39 189 10 10.5
2 23.05 34 15.13 14.797 0 -0.001 4.9 6.285 193.3 7.32 11
2 25.05 34 15.88 14.981 0 -0.003 4.31 6.453 195 NA 10.7
2 24.25 34 15.44 15.059 0.001 -0.004 4.38 6.312 187.7 10.27 10.2
2 24 34 15.11 14.809 0.004 0.003 3.99 6.133 191.9 14.29 10.7
2 23.45 34 15.05 14.601 0.002 0.003 4.32 NA 189.3 8.9 10.7
2 21.85 34 13.81 13.847 0.001 0.001 4.05 6.21 178.8 5.34 9.9
2 20.75 34 14.228 14.904 0.001 0 4.03 6.036 181.3 5.3 10.5
2 21.65 34 14.918 13.993 0.001 0.005 4.18 6.18 185.9 6.08 9.9
2 21.95 34 15.023 14.494 0.001 0.005 22.34 6.046 235.9 6.16 10.4
2 22.75 34 13.358 15.317 0.001 -0.011 3.98 5.6 186.7 7.2 10.5
2 24.15 34 13.516 14.024 0 0.004 4.08 NA 186.5 4.6 11.2
2 24.71 34 13.816 12.737 0.001 0.011 3.91 5.546 186.3 5.47 11.5
2 25.81 34 13.045 13.376 0.001 0.037 3.9 NA 181.2 4.46 11.1
2 NA 34 16.03 12.889 0.001 0.011 4.21 NA 188.4 2.73 11.1
2 27.17 34 16.204 13.81 0 0.006 4.13 NA 182.4 2.9 10.3
2 27.458 34 13.488 13.066 0 0.022 4.67 6.321 195.5 5.65 10
2 25.375 34 14.006 13.602 0.001 -0.001 5.44 6.218 195.5 5.58 10.5
2 22.25 34 12.729 13.723 0.002 -0.021 5.37 6.174 191.5 7.57 10.7
3 17.84 92 -0.042 0.009 0 0.047 NA 6.643 144.8 9.5 9.5
3 19.52 92 -0.083 0.003 0.006 0.046 NA 6.716 160.2 1.54 10.7
3 20.52 92 0.05 0.001 0.013 0.045 NA 6.53 153 1.6 12.6
3 21.92 92 0.05 0.006 0 0.053 5.43 6.74 156 7.85 13.1
3 23.62 92 0.12 0.008 0 0.046 5.1 6.54 148 5.75 15.6
152
2L
well mon day year prec monyr dbwt uplOO up500 uplOOO soil s tra t scrin t seaso n
1 4 9 1997 5.94 1 27.167 1 2 1 1 NA NA 1
1 5 6 1997 5.59 2 26.8 1 2 1 1 NA NA 1
1 6 11 1997 5.15 3 26.08 1 2 1 1 NA NA 2
1 7 9 1997 2.81 4 25.92 1 2 1 1 NA NA 2
1 8 13 1997 2.52 5 24.79 1 2 1 1 NA NA 2
1 9 16 1997 2.19 6 24.25 1 2 1 1 NA NA 3
1 10 7 1997 6.6 7 24.25 1 2 1 1 NA NA 3
1 11 10 1997 4.42 8 24.67 1 2 1 1 NA NA 3
1 12 10 1997 4.96 9 25.08 1 2 1 1 NA NA 4
1 1 14 1998 7.3 10 26.1 1 2 1 1 NA NA 4
1 2 4 1998 4.72 11 26.7 1 2 1 1 NA NA 4
1 3 4 1998 3.59 12 26.167 1 2 1 1 NA NA 5
1 4 8 1998 3.75 13 25.9 1 2 1 1 NA NA 5
1 5 7 1998 1.38 14 25.1 1 2 1 1 NA NA 5
1 6 16 1998 4.29 15 24.25 1 2 1 1 NA NA 6
1 7 18 1998 3.08 16 23.8 1 2 1 1 NA NA 6
1 8 12 1998 0 17 22.417 1 2 1 1 NA NA 6
1 9 16 1998 0.12 18 21.44 1 2 1 1 NA NA 7
1 10 14 1998 3.18 19 21.5 1 2 1 1 NA NA 7
1 11 10 1998 3.62 20 20.8125 1 . 2 1 1 NA NA 7
1 12 10 1998 9.23 21 23.625 1 2 1 1 NA NA 8
1 1 18 1999 NA 22 26.0834 1 2 1 1 NA NA 8
2 4 9 1997 5.94 1 19.917 3 4 4 2 1 26 1
2 5 6 1997 5.59 2 19.1 3 4 4 2 1 26 1
2 6 11 1997 5.15 3 18.2 3 4 4 2 1 26 2
2 7 9 1997 2.81 4 17.4 3 4 4 2 1 26 2
2 8 13 1997 2.52 5 16.2 3 4 4 2 1 26 2
2 9 16 1997 2.19 6 14.2 3 4 4 2 1 26 3
2 10 7 1997 6.6 7 15 3 4 4 2 1 26 3
2 11 10 1997 4.42 8 15.25 3 4 4 2 1 26 3
2 12 10 1997 4.96 9 15.8 3 4 4 2 1 26 4
2 1 15 1998 7.3 10 17.4 3 4 4 2 1 26 4
2 2 5 1998 4.72 11 18.5 3 4 4 2 1 26 4
2 3 4 1998 3.59 12 17.6 3 4 4 2 1 26 5
2 4 8 1998 3.75 13 17.3 3 4 4 2 1 26 5
2 5 7 1998 1.38 14 16.5 3 4 4 2 1 26 5
2 6 16 1998 4.29 15 15.1 3 4 4 2 1 26 6
2 7 18 1998 3.08 16 14.54 3 4 4 2 1 26 6
2 8 12 1998 0 17 13.44 3 4 4 2 1 26 6
2 9 16 1998 0.12 18 NA 3 4 4 2 1 26 7
2 10 14 1998 3.18 19 12.08 3 4 4 2 1 26 7
2 11 10 1998 3.62 20 11.792 3 4 4 2 1 26 7
2 12 10 1998 9.23 21 13.875 3 4 4 2 1 26 8
2 1 18 1999 NA 22 17 3 4 4 2 1 26 8
3 4 9 1997 5.94 1 71.58 5 6 NA 2 2 87 1
3 5 6 1997 5.59 2 69.9 5 6 NA 2 2 87 1
3 6 11 1997 5.15 3 68.9 5 6 NA 2 2 87 2
3 7 9 1997 2.81 4 67.5 5 6 NA 2 2 87 2
3 8 13 1997 2.52 5 65.8 5 6 NA 2 2 87 2
153
well cswl wd tn no3 no2 nh3 cl ph cond do tem p
3 25.17 92 0.05 0.014 0 0.05 5.01 6.663 141.7 NA 14.7
3 29.003 92 0.06 0.018 0.002 0.04 4.98 6.387 126.6 6.78 11.6
3 25.253 92 0.07 0.005 0.002 0.042 4.92 6.379 124.6 13.21 10.5
3 24.62 92 0.09 0.009 0.004 0.042 5.05 NA 136.3 8.28 12.7
3 22.62 92 0.04 0.003 0.001 0.044 4.86 6.662 110.4 0.26 7.6
3 21.02 92 0.054 0.031 0.001 0.041 4.8 6.385 122.3 2.22 10.3
3 22.12 92 0.067 0.007 0.003 0.05 4.82 6.491 125.5 3.77 10.4
3 22.52 92 -0.007 0.01 0.001 0.043 4.69 6.485 136.2 7.56 12.6
3 23.42 92 -0.051 -0.002 0.001 0.036 4.86 6.572 139.6 NA 13.8
3 25.25 92 -0.064 0.02 0 0.044 4.72 NA 136.8 1.7 13.2
3 26.12 92 0.159 0.002 0.008 0.036 4.98 6.328 151 0.23 14.5
3 27.22 92 -0.048 0.018 0.005 0.03 4.91 NA 154.6 0.29 15.8
3 28.61 92 -0.02 -0.007 0.003 0.039 4.73 NA 136.6 0.41 13
3 28.69 92 0.046 -0.022 0.007 0.033 4.75 NA 147.3 3.2 11.2
3 29.17 92 0.078 -0.005 0.028 0.029 4.93 6.854 142.3 0.12 9.6
3 27.086 92 0.071 -0.012 0.008 0.024 4.92 6.591 133.4 0.2 8.9
3 23.3991 92 0.03 -0.005 0.002 0.014 4.69 6.934 134.6 0.16 7.9
4 18.9167 20 3.148 3.06 0.001 -0.013 NA 5.947 70.5 11.4 10.4
4 NA 20 1.879 1.914 0.001 -0.005 NA 5.966 60.3 4.3 10.1
4 21.05 20 0.53 0.547 0.002 -0.004. NA 5.82 54 5.73 11
4 22.55 20 0.14 0.291 0 -0.004 2.29 5.95 55.6 4.99 10.1
4 NA 20 -0.23 0.21 0 -0.004 2.78 5.76 66.6 3.3 15.2
4 NA 20 0 0.066 0 0.004 3.25 5.882 75.3 NA 14.1
4 NA 20 0.1 0.04 0.002 -0.004 3.53 5.861 79.2 6.83 14.2
4 NA 20 0.31 0.241 0.004 0.003 3.22 5.688 75 0.52 12.8
4 NA 20 0.93 0.834 0.004 0.002 3.58 5.514 78.1 1 12.4
4 23.55 20 2.3 2.143 0.003 0.001 2.66 5.885 82.4 6.74 13.5
4 22.35 20 1.849 2.036 0.002 0 2.42 5.773 83.4 2.6 NA
4 NA 20 3.514 3.575 0.003 0.004 2.2 5.7 88.5 2.48 14
4 NA 20 6.497 6.611 0.002 -0.003 2.37 5.633 110.9 3.37 14.3
4 NA 20 2.808 3.793 0.002 -0.011 2.96 5.535 93.8 2.8 14.6
4 NA 20 1.431 2.284 0.003 -0.005 3.1 NA 82.4 1.6 14
4 NA 20 1.705 1.817 0.003 0.005 3.19 5.474 82.8 3.43 15
4 NA 20 1 1.763 0.001 -0.01 3.19 NA 81.8 2.55 15.9
4 NA 20 1.558 1.571 0.003 0.004 3.14 NA 80.3 3.33 15.8
4 NA 20 0.887 1.761 0.001 0.001 3.14 NA 78.8 2.56 14.3
4 NA 20 1.42 1.765 0.003 0 2.92 5.786 78 9.8 13.8
4 NA 20 2.03 1.366 0.002 0 2.82 5.68 84.4 0.65 13
4 NA 20 1.192 1.436 0.003 -0.015 1.95 5.913 70.6 3.66 14
5 57.503 70 8.323 8.035 0.001 -0.01 NA 6.723 188 11.55 9.7
5 62.503 70 9.096 8.635 0.001 -0.007 NA 6.676 197 3.5 10.4
5 59.42 70 9.12 8.253 0.002 -0.008 NA 6.52 207 2.8 12
5 60.72 70 9.38 8.484 0 -0.004 10.9 6.66 205 2.76 12.5
5 62.52 70 9.63 9.357 0 0.003 10.9 6.59 216 3.1 14.1
5 63.92 70 10.19 9.83 0 -0.001 10.9 6.685 274.7 NA 11.7
5 64.67 70 10.68 10.195 0.001 -0.004 10.75 6.55 195.6 13.18 NA
5 65.587 70 11.17 10.465 0.002 0.003 10.77 6.558 201.6 10.48 10.9
5 66.02 70 11.17 11.068 0.001 0.001 10.94 5.8 195.3 11.9 8.8
5 64.42 70 10.71 10.759 0.001 0.001 10.83 6.459 190.3 6.12 7.9
154
well mon day year prec monyr dbwt uplOO upSOO uplOOO soil s tra t scrin t seaso n
3 9 16 1997 2.19 6 64.25 5 6 NA 2 2 87 3
3 10 7 1997 6.6 7 60.417 5 6 NA 2 2 87 3
3 11 10 1997 4.42 8 64.167 5 6 NA 2 2 87 3
3 12 10 1997 4.96 9 64.8 5 6 NA 2 2 87 4
3 1 14 1998 7.3 10 66.8 5 6 NA 2 2 87 4
3 2 4 1998 4.72 11 68.4 5 6 NA 2 2 87 4
3 3 4 1998 3.59 12 67.3 5 6 NA 2 2 87 5
3 4 8 1998 3.75 13 66.9 5 6 NA 2 2 87 5
3 5 7 1998 1.38 14 66 5 6 NA 2 2 87 5
3 6 16 1998 4.29 15 64.17 5 6 NA 2 2 87 6
3 7 18 1998 3.08 16 63.3 5 6 NA 2 2 87 6
3 8 12 1998 0 17 62.2 5 6 NA 2 2 87 6
3 9 16 1998 0.12 18 60.81 5 6 NA 2 2 87 7
3 10 14 1998 3.18 19 60.73 5 6 NA 2 2 87 7
3 11 10 1998 3.62 20 60.25 5 6 NA 2 2 87 7
3 12 10 1998 9.23 21 62.334 5 6 NA 2 2 87 8
3 1 18 1999 NA 22 66.0209 5 6 NA 2 2 87 8
4 4 9 1997 5.94 1 6.8333 5 6 NA 2 NA NA 1
4 5 6 1997 5.59 2 NA 5 6 NA 2 NA NA 1
4 6 11 1997 5.15 3 4.7 5 - 6 NA 2 NA NA 2
4 7 9 1997 2.81 4 3.2 5 6 NA 2 NA NA 2
4 8 13 1997 2.52 5 NA 5 6 NA 2 NA NA 2
4 9 16 1997 2.19 6 NA 5 6 NA 2 NA NA 3
4 10 7 1997 6.6 7 NA 5 6 NA 2 NA NA 3
4 11 10 1997 4.42 8 NA 5 6 NA 2 NA NA 3
4 12 10 1997 4.96 9 NA 5 6 NA 2 NA NA 4
4 1 14 1998 7.3 10 2.2 5 6 NA 2 NA NA 4
4 2 4 1998 4.72 11 3.4 5 6 NA 2 NA NA 4
4 3 4 1998 3.59 12 NA 5 6 NA 2 NA NA 5
4 4 8 1998 3.75 13 NA 5 6 NA 2 NA NA 5
4 5 7 1998 1.38 14 NA 5 6 NA 2 NA NA 5
4 6 16 1998 4.29 15 NA 5 6 NA 2 NA NA 6
4 7 18 1998 3.08 16 NA 5 6 NA 2 NA NA 6
4 8 12 1998 0 17 NA 5 6 NA 2 NA NA 6
4 9 16 1998 0.12 18 NA 5 6 NA 2 NA NA 7
4 10 14 1998 3.18 19 NA 5 6 NA 2 NA NA 7
4 11 10 1998 3.62 20 NA 5 6 NA 2 NA NA 7
4 12 10 1998 9.23 21 NA 5 6 NA 2 NA NA 8
4 1 18 1999 NA 22 NA 5 6 NA 2 NA NA 8
5 4 9 1997 5.94 1 18.917 1 1 NA 2 NA NA 1
5 5 6 1997 5.59 2 13.917 1 1 NA 2 NA NA 1
5 6 11 1997 5.15 3 17 1 1 NA 2 NA NA 2
5 7 9 1997 2.81 4 15.7 1 1 NA 2 NA NA 2
5 8 13 1997 2.52 5 13.9 1 1 NA 2 NA NA 2
5 9 16 1997 2.19 6 12.5 1 1 NA 2 NA NA 3
5 10 8 1997 6.6 7 11.75 1 1 NA 2 NA NA 3
5 11 10 1997 4.42 8 10.833 1 1 NA 2 NA NA 3
5 12 10 1997 4.96 9 10.4 1 1 NA 2 NA NA 4
5 1 15 1998 7.3 10 12 1 1 NA 2 NA NA 4
155
well cswl wd tn no3 no2 nh3 cl ph cond do tem p
5 62.52 70 11.178 11.31 0.001 0 10.88 6.394 200.5 3.3 9.5
5 61.48 70 11.229 10.871 0.001 0.003 10.76 6.511 201.5 3.46 8.9
5 61.92 70 12.259 12.087 0.001 -0.003 11.04 6.447 206.6 3.99 9.8
5 62.42 70 10.881 13.088 0.001 -0.014 11.1 6.01 217 5.57 11
5 64.08 70 13.112 13.833 0 0.009 11.18 NA 226.1 3 11.3
5 65.32 70 14.373 13.62 0 0.001 11.24 6.32 236.8 3.28 12.5
5 56.82 70 15.057 15.18 0.001 0.09 11.47 NA 240.8 3.34 13.1
5 NA 70 16.327 15.158 0.002 0.051 11.82 NA 243.6 3.9 12.7
5 NA 70 17.268 16.137 0.003 0.213 11.51 NA 237.5 2.02 11.4
5 NA 70 13.263 14.921 0.001 0.316 11.8 6.612 228.2 3.37 10.1
5 NA 70 12.979 13.86 0.001 0.028 11.71 6.553 218 3.62 9.2
5 67.045 70 12.13 13.745 0.002 0.001 11.95 6.645 215.6 3.14 8.3
6 46.1667 95 13.237 11.366 0.001 -0.015 NA 6.585 181.8 11.66 8.3
6 47.1667 95 12.912 12.022 0 -0.009 NA 6.553 201.2 8.56 11
6 48.1 95 11.39 11.334 0.002 -0.007 NA 6.43 214 4.64 12
6 49.1 95 12.4 12.916 0 0 9.47 6.53 215 7.82 12.1
6 50.75 95 12.27 11.943 0 -0.006 9.44 6.428 222 9.4 13.4
6 51.875 95 12.7 12.061 0 0.001 3.17 6.548 215.1 NA 12
6 52.4167 95 12.27 12.26 0.007 -0.004 9.41 6.421 201.8 14 10.6
6 53.167 95 12.3 12.105 0.002 0.003. 9.33 6.336 207 10.3 10.9
6 53.6 95 12.36 12.277 0 -0.001 9.38 5.7 197.3 7.89 8.9
6 52 95 13.41 13.069 0 0 9.28 6.426 194.6 5.34 8.4
6 50.3 95 13.896 13.818 0.001 0 9.23 6.674 197.5 5.33 9.1
6 50.1 95 13.782 13.714 0.001 0.048 9.62 6.456 210.8 4.87 10.2
6 50.7 95 11.839 14.063 0.001 0.005 9.63 7 219.6 4.38 11
7 32.92 77 8.491 8.673 0.013 0.013 NA 6.316 179.1 10.16 9.1
7 33.92 77 9.078 8.11 0.002 -0.007 NA 6.311 132.3 9.04 12.1
7 34.72 77 6.6 5.923 0.015 0.004 NA 6.29 127 3.37 12.5
7 35.62 77 7.99 7.523 0.001 -0.001 3 6.34 134 9.41 13.3
7 37.12 77 8.69 8.633 0.003 0.002 3.16 6.33 142.4 3.83 14.1
7 38.211 77 9.42 9.217 0 0.005 3.37 6.394 184.6 NA 11.8
7 38.72 77 11.22 9.468 0.001 0 3.45 6.079 129.9 11.08 10.3
7 39.3367 77 10.98 9.424 0.002 0.003 3.19 6.238 129.2 10.3 10
7 39.32 77 9.47 9.863 0 -0.001 3.18 NA 129.7 9.05 9.6
7 37.62 77 10.15 9.689 0.003 0.002 2.79 6.167 126.7 4 9.1
7 36.22 77 8.988 9.632 0.002 0 2.73 6.042 127.1 3.94 9.8
7 36.12 77 8.921 8.365 0.002 0.007 3.09 6.166 125.7 5.96 9.8
7 NA 77 8.796 9.349 0.001 -0.003 3.23 6.365 135.8 5.83 10.7
7 37.17 77 8.346 9.527 0.001 -0.012 3.59 5.5 132.5 4.31 10.7
7 28.22 77 8.42 9.346 0 0 3.91 NA 135.8 4 11.5
7 39.22 77 9.369 8.673 0 0.002 4.19 5.988 137.9 4.18 12.2
7 42.92 77 7.189 7.943 0.002 -0.005 4.43 NA 133.7 3.67 13.1
7 41.71 77 8.492 8.417 0.002 0.009 4.5 NA 135.4 3.34 12.7
7 37.27 77 10.473 8.692 0.001 0.003 4.42 NA 131.3 2.32 10.8
7 43.6908 77 8.242 9.206 0.001 0.026 4.21 6.341 129.9 5.21 10.6
7 42.9825 77 9.281 9.455 0.004 0.001 3.95 6.353 128.8 4.84 9.7
7 39.42 77 4.508 5.524 0.003 -0.021 3.95 6.383 113 1.88 9.8
8 24.7 NA 14.002 13.009 0.009 0.001 NA 6.032 159.3 10.98 10.3
8 26 NA 7.046 6.669 0.004 0.001 NA 5.786 119.6 1.93 10.5
156
well mon day year prec monyr dbwt uplOO up500 uplOOO soil s tra t scrin t seaso n
5 2 5 1998 4.72 11 13.9 1 1 NA 2 NA NA 4
5 3 4 1998 3.59 12 14.94 1 1 NA 2 NA NA 5
5 4 8 1998 3.75 13 14.5 1 1 NA 2 NA NA 5
5 5 7 1998 1.38 14 14 1 1 NA 2 NA NA 5
5 6 16 1998 4.29 15 12.34 1 1 NA 2 NA NA 6
5 7 18 1998 3.08 16 11.1 1 1 NA 2 NA NA 6
5 8 12 1998 0 17 19.6 1 1 NA 2 NA NA 6
5 9 16 1998 0.12 18 NA 1 1 NA 2 NA NA 7
5 10 14 1998 3.18 19 NA 1 1 NA 2 NA NA 7
5 11 10 1998 3.62 20 NA 1 1 NA 2 NA NA 7
5 12 10 1998 9.23 21 NA 1 1 NA 2 NA NA 8
5 1 18 1999 NA 22 9.375 1 1 NA 2 NA NA 8
6 4 9 1997 5.94 1 54.8333 1 1 7 2 3 NA 1
6 5 6 1997 5.59 2 53.8333 1 1 7 2 3 NA 1
6 6 11 1997 5.15 3 52.9 1 1 7 2 3 NA 2
6 7 9 1997 2.81 4 51.9 1 1 7 2 3 NA 2
6 8 13 1997 2.52 5 50.25 1 1 7 2 3 NA 2
6 9 16 1997 2.19 6 49.125 1 1 7 2 3 NA 3
6 10 8 1997 6.6 7 48.5833 1 1 7 2 3 NA 3
6 11 10 1997 4.42 8 47.833 1 . 1 7 2 3 NA 3
6 12 10 1997 4.96 9 47.4 1 1 7 2 3 NA 4
6 1 15 1998 7.3 10 49 1 1 7 2 3 NA 4
6 2 4 1998 4.72 11 50.7 1 1 7 2 3 NA 4
6 4 8 1998 3.75 13 50.9 1 1 7 2 3 NA 5
6 5 7 1998 1.38 14 50.3 1 1 7 2 3 NA 5
7 4 9 1997 5.94 1 43.5 2 1 7 2 3 NA 1
7 5 6 1997 5.59 2 42.5 2 1 7 2 3 NA 1
7 6 11 1997 5.15 3 41.7 2 1 7 2 3 NA 2
7 7 9 1997 2.81 4 40.8 2 1 7 2 3 NA 2
7 8 13 1997 2.52 5 39.3 2 1 7 2 3 NA 2
7 9 16 1997 2.19 6 38.209 2 1 7 2 3 NA 3
7 10 8 1997 6.6 7 37.7 2 1 7 2 3 NA 3
7 11 11 1997 4.42 8 37.0833 2 1 7 2 3 NA 3
7 12 10 1997 4.96 9 37.1 2 1 7 2 3 NA 4
7 1 15 1998 7.3 10 38.8 2 1 7 2 3 NA 4
7 2 5 1998 4.72 11 40.2 2 1 7 2 3 NA 4
7 3 5 1998 3.59 12 40.3 2 1 7 2 3 NA 5
7 4 8 1998 3.75 13 NA 2 1 7 2 3 NA 5
7 5 7 1998 1.38 14 39.25 2 1 7 2 3 NA 5
7 6 16 1998 4.29 15 48.2 2 1 7 2 3 NA 6
7 7 18 1998 3.08 16 37.2 2 1 7 2 3 NA 6
7 8 12 1998 0 17 33.5 2 1 7 2 3 NA 6
7 9 16 1998 0.12 18 34.71 2 1 7 2 3 NA 7
7 10 14 1998 3.18 19 39.15 2 1 7 2 3 NA 7
7 11 10 1998 3.62 20 32.7292 2 1 7 2 3 NA 7
7 12 10 1998 9.23 21 33.4375 2 1 7 2 3 NA 8
7 1 18 1999 NA 22 37 2 1 7 2 3 NA 8
8 4 9 1997 5.94 1 NA 8 7 NA 2 NA NA 1
8 5 6 1997 5.59 2 NA 8 7 NA 2 NA NA 1
157
well cswl wd tn no3 no2 nh3 cl ph cond do tem p
8 27 NA 3.03 2.804 0.005 0.002 NA 5.79 96.6 2.16 11.5
8 28.3 NA 1.63 1.776 0.004 0.004 4.53 5.92 88.9 4.87 11.7
8 29.7 NA 0.58 1.539 0.004 0.006 4.18 5.91 89.7 2.35 12.7
8 31 NA 0.41 0.387 0.002 0 2.34 5.985 108.6 NA 11.4
8 31.4167 NA 0.96 0.627 0.003 -0.004 3.44 5.885 77.1 0.53 11.1
8 31.1 NA 0.55 0.441 0.004 0.003 3.29 5.794 73.2 13.13 10.6
8 30.7 NA 0.34 0.415 0.004 -0.001 3.59 5.68 71.8 12.71 9.8
8 30.6 NA 1.11 1.028 0.001 0 3.81 5.909 76.9 7.77 9.5
8 27.6 NA NA NA NA NA NA NA NA NA NA
8 28.4 NA 0.621 0.619 0.001 0.004 3.11 5.874 72.1 1.27 10.2
8 28.6 NA 0.759 0.775 0.001 -0.003 2.58 5.884 72.6 8.52 10.5
8 29.42 NA 1.003 1.151 0.001 -0.013 2.51 5.5 75.2 6.31 11.2
8 NA NA 1.306 1.367 0 -0.006 2.45 NA 74 1.7 11
8 31.8 NA 1.237 1.107 0 0.002 2.46 5.612 71.9 5.47 11.7
8 33 NA 1.18 1.155 0.001 -0.016 2.76 NA 78.5 NA 14.7
8 49.25 NA 0.866 0.876 0.002 0.011 2.8 NA 70.3 0.84 12.1
8 34.58 NA 0.946 0.959 0.001 0.003 2.97 NA 68.4 0.84 10.4
8 35.9166 NA 1.669 1.685 0.001 -0.002 3.29 5.898 75.9 0.72 10
8 33.208 NA NA 3.065 0.001 0.001 3.82 5.798 83 0.87 9.6
8 28.958 NA 3.17 3.614 0.003 -0.019. 4.24 5.86 88.6 1.46 9.7
9 NA 71 27.519 26.674 0.004 -0.001 NA 5.726 262.8 10.4 12.5
9 NA 71 27.137 25.893 0.003 -0.005 NA 5.853 257.8 2.6 11.8
9 NA 71 17.43 16.92 0.002 -0.003 NA 5.8 208 2.24 12.4
9 NA 71 17.32 16.926 0.001 -0.004 12.3 5.89 200 6.5 11.7
9 NA 71 17.86 16.945 0.001 -0.003 13 5.817 228 10.1 14.1
9 NA 71 17.01 16.601 0.001 0.001 13.1 5.925 203.4 NA 12
9 NA 71 18.02 15.992 0.005 -0.003 13.01 5.846 191.6 10.17 11
9 NA 71 16.27 15.182 0.003 0.003 12.69 5.728 187.2 0.68 10.2
9 NA 71 14.48 14.719 0.002 0.001 11.71 5.72 176.8 12.84 9.9
9 NA 71 13.821 13.031 0.001 0 10.13 5.912 156.6 0.82 9.4
9 NA 71 12.577 12.45 0.001 0 10.24 5.688 160.2 1.4 10.1
9 NA 71 12.432 11.766 0.002 0.003 10.37 5.707 160.2 1.23 10.2
9 NA 71 11.46 11.318 0.001 -0.001 10.72 5.837 158.5 5.9 10.8
9 NA 71 9.085 10.608 0.001 -0.014 10.31 5.454 160 1.19 11.3
9 NA 71 7.82 8.81 0.003 -0.003 9.14 NA 147.4 2.7 12.1
9 NA 71 8.242 7.437 0.005 -0.001 7.73 5.682 140.8 1.06 12.8
9 NA 71 5.702 6.37 0.001 -0.019 6.75 NA 131.1 1.04 12.4
9 NA 71 5.063 5.192 0.015 0.008 5.83 NA 118.4 1.04 12.2
9 NA 71 5.165 5.348 0.003 0.007 5.73 NA 113.6 2.87 11.3
9 NA 71 5.972 6.521 0.002 0.002 6.01 5.913 120.7 1.18 10.7
9 NA 71 5.804 5.75 0 -0.006 5.67 5.861 116 1.25 10.6
9 NA 71 3.765 4.143 0.005 0.032 4.76 5.917 107.3 1.07 10.3
10 24.497 50 11.937 11.223 0.004 -0.004 NA 6.158 137.5 8.35 10.3
10 25.73 50 13.863 12.573 0.005 -0.004 NA 6.14 150 7.89 11.9
10 26.53 50 12.44 10.973 0.006 -0.005 NA 6.03 159 4.31 14
10 27.63 50 11.5 11.358 0.001 -0.004 2.33 6.13 161 5.5 14.4
10 29.13 50 12.89 12.244 0.003 0.001 2.39 6.06 167.5 6.2 15.9
10 30.13 50 11.84 11.023 0.001 0.003 2.34 6.163 201.8 NA 13.5
10 30.59 50 11.59 11.547 0.002 -0.004 2.37 6.045 152.4 5.62 13.5
158
well mon day year prec monyr dbwt uplOO up500 uplOOO soil strat scrint season
8 6 11 1997 5.15 3 NA 8 7 NA 2 NA NA 2
8 7 9 1997 2.81 4 NA 8 7 NA 2 NA NA 2
8 8 13 1997 2.52 5 NA 8 7 NA 2 NA NA 2
8 9 16 1997 2.19 6 NA 8 7 NA 2 NA NA 3
8 10 7 1997 6.6 7 NA 8 7 NA 2 NA NA 3
8 11 10 1997 4.42 8 NA 8 7 NA 2 NA NA 3
8 12 10 1997 4.96 9 NA 8 7 NA 2 NA NA 4
8 1 14 1998 7.3 10 NA 8 7 NA 2 NA NA 4
8 2 4 1998 4.72 11 NA 8 7 NA 2 NA NA 4
8 3 4 1998 3.59 12 NA 8 7 NA 2 NA NA 5
8 4 8 1998 3.75 13 NA 8 7 NA 2 NA NA 5
8 5 7 1998 1.38 14 NA 8 7 NA 2 NA NA 5
8 6 16 1998 4.29 15 NA 8 7 NA 2 NA NA 6
8 7 18 1998 3.08 16 NA 8 7 NA 2 NA NA 6
8 8 12 1998 0 17 NA 8 7 NA 2 NA NA 6
8 9 16 1998 0.12 18 NA 8 7 NA 2 NA NA 7
8 10 14 1998 3.18 19 NA 8 7 NA 2 NA NA 7
8 11 10 1998 3.62 20 NA 8 7 NA 2 NA NA 7
8 12 10 1998 9.23 21 NA 8 7 NA 2 NA NA 8
8 1 18 1999 NA 22 NA 8 _ 7 NA 2 NA NA 8
9 4 10 1997 5.94 1 NA 8 1 7 2 2 66 1
g 5 6 1997 5.59 2 NA 8 1 7 2 2 66 1
9 6 11 1997 5.15 3 NA 8 1 7 2 2 66 2
9 7 9 1997 2.81 4 NA 8 1 7 2 2 66 2
9 8 13 1997 2.52 5 NA 8 1 7 2 2 66 2
9 9 16 1997 2.19 6 NA 8 1 7 2 2 66 3
9 10 7 1997 6.6 7 NA 8 1 7 2 2 66 3
9 11 10 1997 4.42 8 NA 8 1 7 2 2 66 3
9 12 10 1997 4.96 9 NA 8 1 7 2 2 66 4
9 1 14 1998 7.3 10 NA 8 1 7 2 2 66 4
9 2 5 1998 4.72 11 NA 8 1 7 2 2 66 4
9 3 4 1998 3.59 12 NA 8 1 7 2 2 66 5
9 4 8 1998 3.75 13 NA 8 1 7 2 2 66 5
9 5 7 1998 1.38 14 NA 8 1 7 2 2 66 5
9 6 16 1998 4.29 15 NA 8 1 7 2 2 66 6
9 7 18 1998 3.08 16 NA 8 1 7 2 2 66 6
9 8 12 1998 0 17 NA 8 1 7 2 2 66 6
9 9 16 1998 0.12 18 NA 8 1 7 2 2 66 7
9 10 14 1998 3.18 19 NA 8 1 7 2 2 66 7
9 11 10 1998 3.62 20 NA 8 1 7 2 2 66 7
9 12 10 1998 9.23 21 NA 8 1 7 2 2 66 8
9 1 18 1999 NA 22 NA 8 1 7 2 2 66 8
10 4 9 1997 5.94 1 24.333 8 1 7 2 1 42 1
10 5 6 1997 5.59 2 23.1 8 1 7 2 1 42 1
10 6 11 1997 5.15 3 22.3 8 1 7 2 1 42 2
10 7 9 1997 2.81 4 21.2 8 1 7 2 1 42 2
10 8 13 1997 2.52 5 19.7 8 1 7 2 1 42 2
10 9 16 1997 2.19 6 18.7 8 1 7 2 1 42 3
10 10 7 1997 6.6 7 18.24 8 1 7 2 1 42 3
159
well cswl wd tn no3 no2 nh3 Cl ph cond do temp
10 30.93 50 11.26 10.766 0.004 0.003 2.11 6.05 144 6.04 10.8
10 30.63 50 9.92 10.135 0 0.003 2.36 5.926 132.7 12.6 8.2
10 27.53 50 7.816 9.065 0.001 0.002 2.29 5.859 122.9 5.86 8.7
10 28.03 50 8.637 8.545 0.002 0.009 2.54 6.049 125.8 4.84 9.3
10 28.33 50 8.826 8.443 0.001 0.005 2.24 6.203 133.3 4.91 10.2
10 28.83 50 7.584 9.042 0.001 -0.002 2.3 5.68 140.6 4.83 12
10 30.23 50 7.473 7.928 0 -0.003 2.39 NA 131.4 4.3 10.7
10 31.03 50 11.173 10.63 0.001 0.002 2.7 5.755 146.9 5.48 12.9
10 32.13 50 11.469 11.44 0.002 -0.01 2.77 NA 149.8 4.57 13.4
10 48.5 50 11.501 11.164 0.002 0.014 2.53 NA 147 4.16 12.4
10 34.08 50 11.501 11.906 0 0.013 2.31 NA 146 3.42 10.8
10 34.455 50 12.575 12.32 0.001 0.001 1.96 5.967 140,5 6.63 10.1
10 33.663 50 NA 11.749 0.001 0.005 1.75 6.009 138.1 7.5 9.5
10 30.038 50 10.291 11.254 0.003 -0.011 2.32 5.941 141.7 6.85 9.8
11 45.04 61 1.777 1.621 0.007 0.094 NA 6.558 85.5 10.78 10.6
11 32.71 61 1.155 1.189 0.003 0.094 NA 6.479 84.1 3.61 10.6
11 39.61 61 1.52 1.457 0.005 0.075 NA 6.34 92 1.66 11.8
11 42.71 61 1.34 1.268 0.001 0.097 1.95 6.44 92.8 7.52 11.3
11 45.51 61 3.42 3.305 0.002 0.118 2.2 6.396 116.3 8.76 15
11 46.13 61 2.8 1.618 0.002 0.116 2.08 6.532 106.7 NA 11.3
11 47.377 61 3.25 2.737 0.006 0.1 2.28 6.377 102.8 6.25 10.8
11 40.81 61 2.22 2.173 0.004 0.119 2.11 6.508 98.3 14.2 9.5
11 43.877 61 1.53 1.613 0.016 0.095 2.34 NA 98.6 7.45 10.3
11 39.11 61 2.44 1.488 0.003 0.122 2.1 6.504 96.4 2.37 9.6
11 37.81 61 1.837 1.983 0.007 0.114 2.12 6.719 98.8 4.62 10.1
11 38.043 61 0.222 1.983 0.003 0.115 2.53 6.329 99.7 1.3 10.8
11 38.31 61 1.308 1.549 0.005 0.09 2.18 6.425 96.8 7.2 10.9
11 38.96 61 1.31 2.121 0.006 0.085 2.52 5.87 102.7 1.23 11.5
11 39.81 61 2.043 2.402 0.002 0.156 2.58 NA NA NA NA
11 54.21 61 3.725 3.484 0.006 0.133 2.59 6.183 113.9 4.35 12.4
11 42.21 61 5.474 5.389 0.01 0.143 2.48 NA 128.6 2.68 13.4
11 48.19 61 6.894 3.195 0.012 0.064 2.27 NA 128 2.95 12.9
11 43.94 61 5.602 5.089 0.012 0.096 2.2 NA 118.4 2.83 11.4
11 44.46 61 4.82 5.068 0.016 0.073 2.02 6.314 115.4 4.25 11.2
11 44.085 61 3.431 2.726 0.032 0.05 2.19 6.41 111.5 1.65 10.4
11 40.6266 61 0.23 -0.015 0.01 0.053 2.54 6.416 92.9 0.5 10.4
12 37.95 75 0.249 0.012 0.003 0.397 NA 6.756 142 6.59 12.4
12 39.95 75 0.13 0.003 0.003 0.331 NA 6.768 140.3 1.36 11.3
12 40.55 75 0.39 0.001 0.002 NA NA 6.66 142 5.86 12.7
12 41.95 75 0.27 0.016 0 0.371 3.73 6.76 138 1.77 11.5
12 43.05 75 0.42 0.003 0 0.347 3.68 6.62 141 9.67 14
12 43.42 75 0.24 0.004 0 0.37 3.35 6.683 135.6 NA 11.7
12 NA 75 0.32 -0.013 0.002 0.386 3.47 NA NA NA NA
12 43.85 75 0.3 0.013 0.008 0.329 3.18 7.009 133.5 0.18 11.2
12 43.55 75 0.24 0.009 0.009 0.337 3.37 NA 127.2 8.11 10
12 42.08 75 0.25 0.003 0 0.318 3.11 6.701 121.6 7.09 8.8
12 40.75 75 0.312 0.031 0.002 0.333 3.07 6.805 125.2 0.76 10
12 41.35 75 0.319 0.005 0.001 0.355 3.21 6.715 119.3 2.57 9.6
12 42.73 75 0.199 0.008 0.001 0.349 2.86 6.605 120.6 0.39 10.2
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well mon day year prec monyr dbwt uplOO upSOO uplOOO soil strat scrint season
10 11 11 1997 4.42 8 17.9 8 1 7 2 1 42 3
10 12 10 1997 4.96 9 18.2 8 1 7 2 1 42 4
10 2 5 1998 4.72 11 21.3 8 1 7 2 1 42 4
10 3 4 1998 3.59 12 20.8 8 1 7 2 1 42 5
10 4 8 1998 3.75 13 20.5 8 1 7 2 1 42 5
10 5 7 1998 1.38 14 20 8 1 7 2 1 42 5
10 6 16 1998 4.29 15 18.6 8 1 7 2 1 42 6
10 7 18 1998 3.08 16 17.8 8 1 7 2 1 42 6
10 8 12 1998 0 17 16.7 8 1 7 2 1 42 6
10 9 16 1998 0.12 18 0.33 8 1 7 2 1 42 7
10 10 14 1998 3.18 19 14.75 8 1 7 2 1 42 7
10 11 10 1998 3.62 20 14.375 8 1 7 2 1 42 7
10 12 10 1998 9.23 21 15.167 8 1 7 2 1 42 8
10 1 18 1999 NA 22 18.792 8 1 7 2 1 42 8
11 4 9 1997 5.94 1 14.67 2 1 1 2 2 NA 1
11 5 6 1997 5.59 2 27 2 1 1 2 2 NA 1
11 6 11 1997 5.15 3 20.1 2 1 1 2 2 NA 2
11 7 10 1997 2.81 4 17 2 1 1 2 2 NA 2
11 8 13 1997 2.52 5 14.2 2 1 1 2 2 NA 2
11 9 16 1997 2.19 6 13.58 2 _ 1 1 2 2 NA 3
11 10 7 1997 6.6 7 12.333 2 1 1 2 2 NA 3
11 11 11 1997 4.42 8 18.9 2 1 1 2 2 NA 3
11 12 11 1997 4.96 9 15.833 2 1 1 2 2 NA 4
11 1 15 1998 7.3 10 20.6 2 1 1 2 2 NA 4
11 2 4 1998 4.72 11 21.9 2 1 1 2 2 NA 4
11 3 4 1998 3.59 12 21.667 2 1 1 2 2 NA 5
11 4 8 1998 3.75 13 21.4 2 1 1 2 2 NA 5
11 5 7 1998 1.38 14 20.75 2 1 1 2 2 NA 5
11 6 16 1998 4.29 15 19.9 2 1 1 2 2 NA 6
11 7 18 1998 3.08 16 5.5 2 1 1 2 2 NA 6
11 8 12 1998 0 17 17.5 2 1 1 2 2 NA 6
11 9 16 1998 0.12 18 11.52 2 1 1 2 2 NA 7
11 10 14 1998 3.18 19 15.77 2 1 1 2 2 NA 7
11 11 10 1998 3.62 20 15.25 2 1 1 2 2 NA 7
11 12 10 1998 9.23 21 15.625 2 1 1 2 2 NA 8
11 1 18 1999 NA 22 19.0834 2 1 1 2 2 NA 8
12 4 10 1997 5.94 1 34.8 1 1 1 2 2 70 1
12 5 6 1997 5.59 2 32.8 1 1 1 2 2 70 1
12 6 12 1997 5.15 3 32.2 1 1 1 2 2 70 2
12 7 10 1997 2.81 4 30.8 1 1 1 2 2 70 2
12 8 14 1997 2.52 5 29.7 1 1 1 2 2 70 2
12 9 16 1997 2.19 6 29.33 1 1 1 2 2 70 3
12 10 8 1997 6.6 7 NA 1 1 1 2 2 70 3
12 11 10 1997 4.42 8 28.9 1 1 1 2 2 70 3
12 12 11 1997 4.96 9 29.2 1 1 1 2 2 70 4
12 1 15 1998 7.3 10 30.67 1 1 1 2 2 70 4
12 2 4 1998 4.72 11 32 1 1 1 2 2 70 4
12 3 4 1998 3.59 12 31.4 1 1 1 2 2 70 5
12 4 8 1998 3.75 13 30.02 1 1 1 2 2 70 5
161
well cswl wd tn no3 no2 nh3 cl ph cond do temp
12 42.25 75 0.106 -0.004 0.001 0.338 2.98 6.201 122.9 4.63 11.9
12 43.7 75 0.151 0.007 0.002 0.312 2.79 NA 119.9 0.4 12
12 44.15 75 0.26 0.003 0 0.308 2.85 6.497 124.4 0.18 13.2
12 45.65 75 0.236 0.006 0.001 0.41 2.88 NA 126.1 0.31 14.4
12 46.56 75 0.21 -0.001 0.002 0.332 2.81 NA 118.3 0.85 12.9
12 46.77 75 0.249 -0.001 0 0.685 2.86 NA 115.3 0.35 11.3
12 47.208 75 0.216 -0.001 0.001 0.038 2.55 6.772 112 0.13 10.4
12 41.375 75 0.313 -0.004 0.001 0.316 2.6 6.623 108.9 0.23 9.6
12 43.083 75 0.277 -0.007 0.003 0.272 2.71 6.73 108.4 0.24 9.5
13 NA 40 22.319 21.642 0.006 0.013 NA 5.909 248.4 8.25 11.1
13 NA 40 23.149 25.476 0.001 -0.007 NA 5.985 271.9 10.39 10.4
13 NA 40 21.67 24.348 0.003 0.001 NA 5.89 262 5.31 11.2
13 NA 40 18.7 18.518 0 -0.004 7.48 5.95 233 5.37 10.9
13 NA 40 12.54 14.022 0.001 -0.006 6.21 5.979 208 10.8 11.4
13 NA 40 11.44 12.433 0 0.001 5.69 6.436 192.7 NA 10.9
13 NA 40 11.7 11.57 0.012 0.016 6.09 5.926 188.4 7.95 11.5
13 NA 40 10.85 11.18 0.006 0.004 5.71 6.047 180.7 8.6 10.9
13 NA 40 10.22 10.179 0.001 -0.001 6.12 NA 176.3 4.58 10.4
13 NA 40 9.19 9.784 0.001 0 6.08 5.915 173.6 3.92 9.9
13 NA 40 8.92 9.656 0.02 0.02 . 4.98 5.746 160.5 4.16 9.9
13 NA 40 9.422 9.397 0.056 0.005 5.76 5.981 174.2 5.81 10.2
13 NA 40 10.919 11.733 0.001 -0.003 5.29 5.962 188 6.73 10.7
13 NA 40 9.315 11.928 0.001 -0.006 5.83 6.326 190.8 3.88 10.8
13 NA 40 9.522 10.705 0 -0.001 6.87 NA 189.3 3.5 11.5
13 NA 40 9.98 9.582 0.001 0.003 6.78 5.788 188.4 4.2 12.4
13 NA 40 8.37 9.5 0.002 -0.01 7.46 NA 187.3 3.22 12.8
13 NA 40 8.814 8.719 0.003 0.016 9.21 NA 194.8 2.95 13
13 NA 40 6.507 8.771 0 0.007 8.31 NA 182.6 2.21 10.8
13 NA 40 7.936 8.939 0.001 0.003 8.02 6.078 180.1 4.11 10.7
13 NA 40 6.352 8.362 0.001 NA 7.22 6.056 170.5 4.84 10
13 NA 40 7.505 8.801 0.002 -0.013 6.9 6.108 165.9 5.2 10.1
14 21.5867 25 32.421 30.586 0.001 -0.011 NA 5.918 314.4 9.3 10.4
14 22.02 25 31.027 31.016 0.001 -0.004 NA 5.88 326.8 6.7 12.2
14 22.62 25 30.1 32.433 0.002 -0.001 NA 5.88 326 5.85 12
14 22.92 25 31 29.493 0 -0.003 15.8 5.95 325 3.87 12.2
14 NA 25 26.9 28.693 0.001 0.002 15 NA NA NA NA
14 23.962 25 27.37 27.771 0 0.006 14.5 5.967 312.3 NA 12.2
14 24.22 25 28.97 30.397 0 -0.004 14.52 5.876 309.1 7.98 11.7
14 24.17 25 28.45 27.124 0.002 0.003 13.41 5.998 302.8 10.3 10.6
14 23.92 25 26.57 27.608 0.001 -0.001 13.45 NA 283.5 10.02 9.6
14 22.92 25 24.95 24.672 0.001 0 11.9 5.835 258.6 3.85 8.3
14 22.22 25 23.08 25.483 0.001 0 11.69 5.694 252.7 4.3 9.3
14 22.92 25 22.919 20.789 0.001 0.007 11.07 5.936 252 5.68 9.2
14 23.32 25 19.497 19.426 0.001 -0.003 10.65 6.041 249.1 4.41 10.6
14 23.52 25 18.051 21.114 0.001 -0.012 10.85 5.628 256.1 3.73 11.8
14 24.22 25 18.26 20.657. 0 -0.012 10.3 NA 256.2 4.6 12.2
14 24.67 25 20.535 19.73 0.001 0.004 9.92 5.812 275.2 4.35 14.7
14 25.02 25 20.861 21.027 0.001 -0.019 9.81 NA 271.2 4.03 14.5
14 25.94 25 19.135 18.446 0.002 0.006 10.21 NA 262.2 3.25 13.3
162
well mon day year prec monyr dbwt uplOO upSOO uplOOO soil strat scrint season
12 5 7 1998 1.38 14 30.5 1 1 1 2 2 70 5
12 6 16 1998 4.29 15 29.05 1 1 1 2 2 70 6
12 7 18 1998 3.08 16 28.6 1 1 1 2 2 70 6
12 8 12 1998 0 17 27.1 1 1 1 2 2 70 6
12 9 16 1998 0.12 18 26.19 1 1 1 2 2 70 7
12 10 14 1998 3.18 19 25.98 1 1 1 2 2 70 7
12 11 10 1998 3.62 20 25.542 1 1 1 2 2 70 7
12 12 10 1998 9.23 21 31.375 1 1 1 2 2 70 8
12 1 18 1999 NA 22 29.667 1 1 1 2 2 70 8
13 4 10 1997 5.94 1 NA 6 1 1 3 NA NA 1
13 5 6 1997 5.59 2 NA 6 1 1 3 NA NA 1
13 6 11 1997 5.15 3 NA 6 1 1 3 NA NA 2
13 7 10 1997 2.81 4 NA 6 1 1 3 NA NA 2
13 8 14 1997 2.52 5 NA 6 1 1 3 NA NA 2
13 9 16 1997 2.19 6 NA 6 1 1 3 NA NA 3
13 10 7 1997 6.6 7 NA 6 1 1 3 NA NA 3
13 11 10 1997 4.42 8 NA 6 1 1 3 NA NA 3
13 12 11 1997 4.96 9 NA 6 1 1 3 NA NA 4
13 1 15 1998 7.3 10 NA 6 1 1 3 NA NA 4
13 2 5 1998 4.72 11 NA 6 . 1 1 3 NA NA 4
13 3 4 1998 3.59 12 NA 6 1 1 3 NA NA 5
13 4 8 1998 3.75 13 NA 6 1 1 3 NA NA 5
13 5 7 1998 1.38 14 NA 6 1 1 3 NA NA 5
13 6 16 1998 4.29 15 NA 6 1 1 3 NA NA 6
13 7 18 1998 3.08 16 NA 6 1 1 3 NA NA 6
13 8 12 1998 0 17 NA 6 1 1 3 NA NA 6
13 9 16 1998 0.12 18 NA 6 1 1 3 NA NA 7
13 10 14 1998 3.18 19 NA 6 1 1 3 NA NA 7
13 11 10 1998 3.62 20 NA 6 1 1 3 NA NA 7
13 12 10 1998 9.23 21 NA 6 1 1 3 NA NA 8
13 1 18 1999 NA 22 NA 6 1 1 3 NA NA 8
14 4 10 1997 5.94 1 9.8333 5 5 2 2 4 20 1
14 5 7 1997 5.59 2 9.4 5 5 2 2 4 20 1
14 6 12 1997 5.15 3 8.8 5 5 2 2 4 20 2
14 7 10 1997 2.81 4 8.5 5 5 2 2 4 20 2
14 8 14 1997 2.52 5 NA 5 5 2 2 4 20 2
14 9 16 1997 2.19 6 7.458 5 5 2 2 4 20 3
14 10 7 1997 6.6 7 7.2 5 5 2 2 4 20 3
14 11 11 1997 4.42 8 7.25 5 5 2 2 4 20 3
14 12 11 1997 4.96 9 7.5 5 5 2 2 4 20 4
14 1 15 1998 7.3 10 8.5 5 5 2 2 4 20 4
14 2 5 1998 4.72 11 9.2 5 5 2 2 4 20 4
14 3 4 1998 3.59 12 8.5 5 5 2 2 4 20 5
14 4 8 1998 3.75 13 8.1 5 5 2 2 4 20 5
14 5 7 1998 1.38 14 7.9 5 5 2 2 4 20 5
14 6 16 1998 4.29 15 7.2 5 5 2 2 4 20 6
14 7 18 1998 3.08 16 6.75 5 5 2 2 4 20 6
14 8 12 1998 0 17 6.4 5 5 2 2 4 20 6
14 9 16 1998 0.12 18 5.48 5 5 2 2 4 20 7
163
well cswl wd tn no3 no2 nh3 cl ph cond do temp
14 26.08 25 18.842 19.88 0 0.008 9.81 NA 260.1 2.02 11.8
14 26.3158 25 17.859 19.645 0 0.003 9.95 6.225 250.2 5.5 10.6
14 25.3158 25 NA 18.185 0.001 -0.003 9.39 6.067 233.1 3.55 9.3
14 23.086 25 17.031 20.174 0.002 -0.013 10.27 6.064 237.7 3.7 9
15 9.5 30 2.712 2.375 0.001 -0.014 NA 6.345 98.8 5.55 8.2
15 24.1 30 2.839 2.605 0.001 -0.008 NA 6.107 76.2 4.06 11.6
15 24.8 30 2.27 2.484 0.002 -0.002 NA 6.05 78.5 4.97 11
15 25.1 30 2.6 2.355 0 -0.004 3.29 6.19 83 7.78 11.3
15 25.9 30 2.82 3.15 0 0 4.84 6.139 106 4.24 11.7
15 26.458 30 3.46 2.031 0 0.002 5.73 6.256 119.5 NA 10.7
15 26.083 30 4.05 4.24 0 -0.004 5.78 5.92 128.5 9.96 11.9
15 30.6 30 6.17 NA 0.002 0.003 6.11 5.904 137.5 10.1 9.8
15 24.9 30 4.35 4.319 0.001 -0.001 4.28 NA 112.8 4.04 8
15 23.17 30 3.16 3.246 0.001 0.001 2.37 6.018 95.4 7.19 6.9
15 23 30 3.046 3.387 0.001 0 1.84 6.463 88 4.78 6.5
15 24 30 3.275 3.816 0.001 0.003 2.29 5.958 82.1 4.3 6.3
15 24.46 30 2.999 3.224 0.001 -0.003 2.25 5.989 85.5 4.5 8.8
15 25.3 30 2.43 3.156 0.001 -0.012 3.13 5.651 95.7 4.18 10.7
15 26.2 30 3.97 4.293 0 0 4.53 NA 118 2.6 10.9
15 26.8 30 6.06 5.93 0.001 0.068. 5.81 5.941 140.9 4.45 12.9
15 27.1 30 7.137 7.398 0.001 0.017 6.66 NA 162.3 4.83 14.4
15 27.79 30 8.336 8.359 0.002 0.004 7.35 NA 169.4 1.77 12.8
15 28.06 30 8.299 9.195 0.001 0.014 7.49 NA 170.7 1.18 11
15 28.021 30 9.28 9.856 0 0.003 7.96 6.15 172.3 1.68 9.8
15 25.6875 30 7.148 7.655 0.002 -0.003 5 6.377 136.3 4.53 8.3
15 22.5833 30 NA NA NA NA NA NA NA NA NA
16 NA 60 5.412 5.295 0.001 -0.017 NA 6.129 105.6 7.3 12
16 NA 60 5.956 5.904 0.001 -0.007 NA 6.115 109.6 8.03 12.5
16 NA 60 6.92 7.352 0.003 -0.002 NA 6.06 116 NA 11.9
16 NA 60 7.99 7.141 0 -0.004 3.89 6.08 126 9.28 11.4
16 NA 60 8.58 8.75 0 -0.005 5.57 6.036 150 4.65 13.5
16 NA 60 10.19 10.402 0.001 -0.001 6.65 6.093 161.2 NA 10.9
16 NA 60 11.44 12.299 0.001 -0.004 7.2 5.75 175.5 9.21 12.5
16 NA 60 11.78 12.039 0.006 0.018 6.57 5.508 174.7 2.46 11.7
16 NA 60 10.74 10.768 0.004 0.004 6.23 NA 153.2 8.71 9.2
16 NA 60 8.78 8.931 0.006 0.006 5.06 5.91 147.7 8.26 9.8
16 NA 60 6.791 7.966 0.003 0.004 3.94 6.537 134.6 4.4 9.6
16 NA 60 7.172 6.7 0.003 0.007 4.05 5.909 134.4 4.1 9.6
16 NA 60 8.032 8.106 0.002 -0.003 3.71 5.981 146.9 7.34 12.4
16 NA 60 7.075 8.719 0.001 -0.011 4.31 6.488 144.6 4.12 12
16 NA 60 8.253 9.813 0.002 0.004 5.89 NA 164.2 5.4 12.3
16 NA 60 10.507 10.4 0.01 0.009 6.93 5.1 179.8 4.5 14.1
17 NA 37 9.891 9.729 0.001 -0.01 NA 6.534 177.7 3.2 8.8
17 27.5 37 10.544 10.581 0.001 -0.007 NA 6.465 204.7 10.62 12.8
17 28.3 37 11.37 11.621 0.002 -0.002 NA 6.35 217 2.56 14.2
17 NA 37 11.61 10.855 0 -0.004 9.56 6.4 223 2.3 14.2
17 29.1 37 11.67 11.057 0 -0.007 8.95 6.355 226 2.35 16.2
17 31 37 10.08 10.315 0 -0.005 8.17 6.436 214.8 NA 15.3
17 29.333 37 11.25 11.643 0.001 -0.004 8.46 6.278 209.2 1.93 14.1
164
well mon day year prec monyr dbwt uplOO upSOO uplOOO soil strat scrint season
14 10 14 1998 3.18 19 5.34 5 5 2 2 4 20 7
14 11 10 1998 3.62 20 5.1042 5 5 2 2 4 20 7
14 12 10 1998 9.23 21 6.1042 5 5 2 2 4 20 8
14 1 18 1999 NA 22 8.334 5 5 2 2 4 20 8
15 4 10 1997 5.94 1 24 9 5 6 5 NA NA 1
15 5 7 1997 5.59 2 9.4 9 5 6 5 NA NA 1
15 6 12 1997 5.15 3 8.7 9 5 6 5 NA NA 2
15 7 10 1997 2.81 4 8.4 9 5 6 5 NA NA 2
15 8 14 1997 2.52 5 7.6 9 5 6 5 NA NA 2
15 9 16 1997 2.19 6 7.042 9 5 6 5. NA NA 3
15 10 7 1997 6.6 7 7.417 9 5 6 5 NA NA 3
15 11 11 1997 4.42 8 2.9 9 , 5 6 5 NA NA 3
15 12 11 1997 4.96 9 8.6 9 5 6 5 NA NA 4
15 1 15 1998 7.3 10 10.33 9 5 6 5 NA NA 4
15 2 4 1998 4.72 11 10.5 9 5 6 5 NA NA 4
15 3 4 1998 3.59 12 9.5 9 5 6 5 NA NA 5
15 4 8 1998 3.75 13 9.04 9 5 6 5 NA NA 5
15 5 7 1998 1.38 14 8.2 9 5 6 5 NA NA 5
15 6 16 1998 4.29 15 7.3 9 5 6 5 NA NA 6
15 7 19 1998 3.08 16 6.7 9 .5 6 5 NA NA 6
15 8 12 1998 0 17 6.4 9 5 6 5 NA NA 6
15 9 16 1998 0.12 18 5.71 9 5 6 5 NA NA 7
15 10 15 1998 3.18 19 5.44 9 5 6 5 NA NA 7
15 11 10 1998 3.62 20 5.479 9 5 6 5 NA NA 7
15 12 11 1998 9.23 21 7.8125 9 5 6 5 NA NA 8
15 1 18 1999 NA 22 10.9167 9 5 6 5 NA NA 8
16 4 10 1997 5.94 1 NA 8 5 6 4 NA NA 1
16 5 7 1997 5.59 2 NA 8 5 6 4 NA NA 1
16 6 12 1997 5.15 3 NA 8 5 6 4 NA NA 2
16 7 10 1997 2.81 4 NA 8 5 6 4 NA NA 2
16 8 14 1997 2.52 5 NA 8 5 6 4 NA NA 2
16 9 16 1997 2.19 6 NA 8 5 6 4 NA NA 3
16 10 7 1997 6.6 7 NA 8 5 6 4 NA NA 3
16 11 10 1997 4.42 8 NA 8 5 6 4 NA NA 3
16 12 11 1997 4.96 9 NA 8 5 6 4 NA NA 4
16 1 15 1998 7.3 10 NA 8 5 6 4 NA NA 4
16 2 4 1998 4.72 11 NA 8 5 6 4 NA NA 4
16 3 4 1998 3.59 12 NA 8 5 6 4 NA NA 5
16 4 8 1998 3.75 13 NA 8 5 6 4 NA NA 5
16 5 7 1998 1.38 14 NA 8 5 6 4 NA NA 5
16 6 16 1998 4.29 15 NA 8 5 6 4 NA NA 6
16 7 19 1998 3.08 16 NA 8 5 6 4 NA NA 6
17 4 10 1997 5.94 1 NA 6 9 5 5 NA NA 1
17 5 7 1997 5.59 2 10.5 6 9 5 5 NA NA 1
17 6 12 1997 5.15 3 9.7 6 9 5 5 NA NA 2
17 7 10 1997 2.81 4 NA 6 9 5 5 NA NA 2
17 8 14 1997 2.52 5 8.9 6 9 5 5 NA NA 2
17 9 16 1997 2.19 6 7 6 9 5 5 NA NA 3
17 10 7 1997 6.6 7 8.667 6 9 5 5 NA NA 3
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well cswl wd tn no3 no2 nh3 Cl ph cond do temp
17 29.3 37 10.7 10.844 0.002 0.003 7.94 6.046 192.3 2.02 10.8
17 28.6 37 10.41 10.567 0.001 0.001 8.07 NA 170.1 3.53 6.7
17 26.7 37 10.76 10.679 0.001 0 NA 6.404 162.5 2.75 4
17 26.5 37 10.068 10.271 0.001 0 7.74 6.229 170.5 3.2 6 . 8
17 27.2 37 11.379 10.035 0.001 0.007 8.43 6.371 177.8 7.2 6.4
17 27.6 37 10.007 11.487 0.001 -0.003 8.31 6.468 191.7 7.95 9.5
17 28.3 37 9.487 10.619 0.001 -0.011 8.03 6.859 207.5 4.52 13.1-
17 NA 37 9.459 10.594 0.006 -0.002 8.22 NA 223.4 2.4 15.1
17 29.583 37 9.177 9.309 0.009 0.01 6.94 6.279 218.5 5.48 17.3
17 NA 37 8.779 9.032 0.002 -0.016 NA NA 224.1 2.46 18.9
17 30.77 37 9.277 9.246 0.003 0.004 6.75 NA 209.9 2.75 17.2
17 31.83 37 9.651 9.782 0.001 0.004 6.93 NA 198.4 1.29 12.9
17 NA 37 9.271 10.03 0.001 0.011 7.09 6.427 181.1 2.18 9.9
17 29.458 37 9.332 10.301 0.004 0.003 7.41 6.553 173.5 1.67 7.1
17 NA 37 9.418 10.999 0.002 -0.009 8.24 6.551 178.5 1.62 6.4
18 22.543 43 22.045 21.331 0.001 -0.017 NA 6.078 241.4 10.47 11.3
18 24.36 43 27.1 24.826 0.002 -0.008 NA 6.046 270 8.35 13.8
18 25.16 43 25.07 28.334 0.003 0 NA 6.04 276 6.32 11.5
18 25.86 43 30.12 28.195 0 -0.004 11.2 5.99 290 7.7 10.9
18 27.418 43 29.84 31.772 0.001 -0.006. 10.8 5.93 308.2 5.3 12
18 28.17 43 28.87 30.323 0 0.001 10.7 6.093 283.7 NA 11.1
18 27.96 43 30.71 32.346 0.003 -0.004 10.88 5.93 279.9 10.56 11.4
18 21.56 43 28.9 29.903 0.003 0.003 10.53 5.906 270.6 10.32 10.5
18 25.76 43 26.84 26.543 0.001 0.006 10.51 NA 246.5 6.14 NA
18 23.293 43 23.5 22.791 0.002 0.01 10.3 6.15 223.3 5.33 8.4
18 20.36 43 20.761 21.736 0.002 0.004 10.44 5.846 222.3 4.81 9.9
18 23.793 43 18.211 16.642 0.002 0.009 10.59 6.087 210.7 5.7 9.7
18 24.46 43 16.346 18.54 0.001 -0.003 10.88 6.048 211.2 6.88 10.5
18 25.38 43 14.163 14.44 0.001 -0.012 10.34 6.573 209.5 3.8 11.4
18 26.56 43 10.687 13.382 0 0.002 9.68 NA 203 4.5 11.3
18 27.33 43 13.762 13.781 0.001 0.009 9.24 NA 210.1 5.58 13.4
18 28.56 43 15.082 14.703 0.001 -0.014 8.14 NA 210.2 3.76 12.7
18 29.48 43 15.601 14.051 0.004 0.007 6.09 NA 194.8 2.74 11.9
18 29.63 43 15.324 14.994 0.001 0.007 5.99 NA 198.1 1.54 11.5
18 NA 43 14.116 15.162 0.007 0.004 6.31 6.241 190.2 5.2 10.2
18 NA 43 13.674 14.738 0.003 0 6.66 6.353 186.3 5.78 9.3
18 22.71 43 13.103 15.503 0.002 -0.014 5.9 6.067 185 5.59 9.4
19 NA 25 2.93 3.098 0.001 -0.022 NA 6.997 102.6 12.47 9
19 10.63 25 3.594 3.243 0.001 -0.008 NA 7.022 108.7 6.02 10.5
19 13.33 25 3.28 3.117 0.003 -0.002 NA 6.84 116 8.12 12.8
19 11.83 25 3.14 2.775 0 -0.004 2.82 6.92 110 7.64 12.7
19 12.83 25 2.32 2.764 0 -0.008 2.58 6.88 118 6.47 17.3
19 NA 25 2.45 1.472 0 -0.005 2.37 6.948 1 1 1 . 8 NA 16.2
19 12.997 25 3.6 2.62 0 -0.002 2.3 5.44 99.1 6.41 12.9
19 13.03 25 2.46 2.442 0.002 0.003 1.98 6.51 97.1 4.97 11.6
19 12.93 25 2.19 2.355 0.001 -0.001 2.19 6.4 84.7 6.54 8.1
19 12.03 25 2.11 2.184 0.001 0 1.97 7.073 78.1 6.18 5.4
19 11.23 25 3.592 2.166 0.001 0 2.02 6.871 82.8 7.18 7
19 11.1633 25 2.984 2.411 0.001 0.005 2.43 6.832 83.4 5.57 7.2
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well mon day year prec monyr dbwt up100 up500 uplOOO soil strat scrint season
17 11 10 1997 4.42 8 8.7 6 9 5 5 NA NA 3
17 12 11 1997 4.96 9 9.4 6 9 5 5 NA NA 4
17 1 15 1998 7.3 10 11.3 6 9 5 5 NA NA 4
17 2 5 1998 4.72 11 11.5 6 9 5 5 NA NA 4
17 3 4 1998 3.59 12 10.8 6 9 5 5 NA NA 5
17 4 8 1998 3.75 13 10.4 6 9 5 5 NA NA 5
17 5 7 1998 1.38 14 9.7 6 9 5 5 NA NA 5
17 6 16 1998 4.29 15 NA 6 9 5 5 NA NA 6
17 7 19 1998 3.08 16 8.417 6 9 5 5 NA NA 6
17 8 13 1998 0 17 NA 6 9 5 5 NA NA 6
17 9 17 1998 0.12 18 7.23 6 9 5 5 NA NA 7
17 10 15 1998 3.18 19 6.17 6 9 5 5 NA NA 7
17 11 11 1998 3.62 20 NA 6 9 5 5 NA NA 7
17 12 11 1998 9.23 21 8.542 6 9 5 5 NA NA 8
17 1 19 1999 NA 22 NA 6 9 5 5 NA NA 8
18 4 10 1997 5.94 1 19.917 1 10 1 4 NA NA 1
18 5 7 1997 5.59 2 18.1 1 10 1 4 NA NA 1
18 6 12 1997 5.15 3 17.3 1 10 1 4 NA NA 2
18 7 10 1997 2.81 4 16.6 1 10 1 4 NA NA 2
18 8 14 1997 2.52 5 15.042 1 .10 1 4 NA NA 2
18 9 16 1997 2.19 6 14.29 1 10 1 4 NA NA 3
18 10 7 1997 6.6 7 14.5 1 10 1 4 NA NA 3
18 11 11 1997 4.42 8 20.9 1 10 1 4 NA NA 3
18 12 11 1997 4.96 9 16.7 1 10 1 4 NA NA 4
18 1 14 1998 7.3 10 19.167 1 10 1 4 NA NA 4
18 2 5 1998 4.72 11 22.1 1 10 1 4 NA NA 4
18 3 5 1998 3.59 12 18.667 1 10 1 4 NA NA 5
18 4 8 1998 3.75 13 18 1 10 1 4 NA NA 5
18 5 7 1998 1.38 14 17.08 1 10 1 4 NA NA 5
18 6 16 1998 4.29 15 15.9 1 10 1 4 NA NA 6
18 7 19 1998 3.08 16 15.13 1 10 1 4 NA NA 6
18 8 13 1998 0 17 13.9 1 10 1 4 NA NA 6
18 9 17 1998 0.12 18 12.98 1 10 1 4 NA NA 7
18 10 15 1998 3.18 19 12.83 1 10 1 4 NA NA 7
18 11 11 1998 3.62 20 NA 1 10 1 4 NA NA 7
18 12 11 1998 9.23 21 NA 1 10 1 4 NA NA 8
18 1 19 1999 NA 22 19.75 1 10 1 4 NA NA 8
19 4 10 1997 5.94 1 NA 6 11 5 4 NA NA 1
19 5 7 1997 5.59 2 13.7 6 11 5 4 NA NA 1
19 6 12 1997 5.15 3 11 6 11 5 4 NA NA 2
19 7 10 1997 2.81 4 12.5 6 11 5 4 NA NA 2
19 8 14 1997 2.52 5 11.5 6 11 5 4 NA NA 2
19 9 16 1997 2.19 6 NA 6 11 5 4 NA NA 3
19 10 8 1997 6.6 7 11.333 6 11 5 4 NA NA 3
19 11 10 1997 4.42 8 11.3 6 11 5 4 NA NA 3
19 12 11 1997 4.96 9 11.4 6 11 5 4 NA NA 4
19 1 14 1998 7.3 10 12.3 6 11 5 4 NA NA 4
19 2 4 1998 4.72 11 13.1 6 11 5 4 NA NA 4
19 3 4 1998 3.59 12 13.1667 6 11 5 4 NA NA 5
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19 11.66 25 1.814 2.312 0.001 -0.003 2.05 6.941 89 7.9 12.3
19 12.17 25 1.726 2.182 0 -0.013 2.24 6.132 89.7 6.39 10.6
19 12.83 25 1.65 2.194 0 -0.001 2.17 NA 95.8 6.3 13.1
19 13.35 25 1.918 2.049 0.005 0.011 2.24 6.63 99.9 5.87 16.5
19 13.89 25 1.582 2.117 0.001 -0.018 2.09 NA 94.4 4.93 14
19 14.35 25 1.855 2.122 0.002 0.005 1.93 NA 95.7 3.66 16.2
19 14.39 25 1.265 1.912 0.004 0.011 1.9 NA 86.2 1.64 11.8
19 14.455 25 1.388 3.283 0.005 0.014 1.67 7.008 79.3 6.03 10
19 13.6425 25 1.415 1.856 0.002 0.014 1.63 6.722 81.5 6.56 8.7
19 11.663 25 1.674 1.784 0.003 -0.014 1.74 6.795 74.4 6.8 7.5
20 13.6667 47 1.854 2.208 0.001 -0.019 NA 7.053 171.9 11.36 11.2
20 13.3 47 2.183 2.272 0.001 -0.006 NA 7.038 180.7 7.43 12.4
20 13.9 47 2.28 2.335 0.002 -0.003 NA 6.98 179 7.23 11.8
20 13.9 47 2.31 2.267 0 -0.004 6.62 7.05 181 9.21 12.1
20 14.583 47 1.76 2.207 0 -0.008 6.61 7.077 189.9 6.14 13.8
20 14.583 47 2.03 1.253 0 -0.008 6.52 7.046 178 NA 10.9
20 14.1 47 2.63 2.298 0 -0.004 6.34 6.936 169.6 3.37 10.6
20 13.6 47 2.06 2.202 0.002 0.003 6.37 6.515 170.8 10.93 10.1
20 13.6 47 1.91 2.13 0 -0.001 6.6 NA 166.7 10.7 9.6
20 13.2 47 1.96 2.164 0.001 0 6.33 7.135 161.8 7.1 8.3
20 13.1 47 1.865 2.226 0.001 0 6.18 6.758 165.4 8.51 9
20 13.25 47 2.018 2.17 0.001 0.008 6.52 7.045 167.9 9.45 9.8
20 13.66 47 1.829 2.349 0.001 -0.003 6.28 6.985 175.2 7.03 10.7
20 14.1 47 2.004 2.283 0 -0.014 6.51 6.945 178.8 3.41 11.2
20 14.3 47 1.575 2.398 0 -0.007 6.27 NA 182 3.1 11.5
20 14.5625 47 2.392 2.433 0.001 0.003 6.41 6.678 180.7 3.48 12.2
20 14.8 47 1.98 2.307 0.001 -0.017 6.28 NA 185.9 4.26 12.4
20 15.06 47 2.331 2.501 0.002 0.011 6.51 NA 179 2.73 11.7
20 14.75 47 1.951 2.41 0 0.005 6.05 NA 176.6 1.46 11.1
20 14.5 47 1.989 1.868 0 0.008 6.2 7.251 171.7 3.09 10.2
20 13.291 47 2.423 2.345 0.001 0.004 6.14 6.935 170.3 2.6 9.4
20 12.479 47 2.339 2.503 0.002 -0.016 6.2 6.988 164.2 3.21 8.7
21 14.753 57 -0.064 0.016 0.001 -0.004 NA 6.798 287.4 9.49 13.7
21 NA 57 -0.073 0.002 0 0.007 NA 6.776 272.2 3.32 12.2
21 17.77 57 -0.15 0.004 0.002 0.002 NA 6.74 287 3.56 15.4
21 18.17 57 1.02 0.006 0 0.003 21 6.75 265 6.76 14.8
21 18.878 57 0.06 0.007 0 -0.003 24.3 6.662 298.6 0.06 19.6
21 19.295 57 -0.01 0.009 0 0.003 28.1 6.752 295.7 NA 15.2
21 19.337 57 0.24 0.008 0 0.002 21.55 6.629 266.7 5.32 15.8
21 24.37 57 0.03 0.011 0.002 0.003 18.77 6.54 258.6 0.24 14
21 18.97 57 -0.01 0.013 0.001 0.002 19.36 NA 256 0.46 12.3
21 17.97 57 -0.01 0.011 0.001 0 21.03 6.645 255.7 0.34 10.8
21 17.67 57 -0.026 0.031 0.004 0.039 15.04 6.886 242.9 0.36 11
21 18.07 57 -0.061 0.014 0.001 0.009 23.6 6.719 256.5 2.97 11.6
21 NA 57 -0.036 0.013 0.001 -0.003 21.11 6.781 254.8 0.4 11.1
21 18.47 57 -0.034 0.002 0 -0.006 22.16 6.435 287.6 0.7 15.5
21 19.17 57 -0.106 0.012 0 -0.005 23.21 NA 288.4 2.3 15
21 19.62 57 -0.114 0.011 0.001 0.002 21.11 6.4 333.4 0.55 17
21 20.47 57 -0.081 0.017 0.004 0.036 17.44 NA 299.3 0.54 19.3
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19 4 8 1998 3.75 13 12.67 6 11 5 4 NA NA 5
19 5 7 1998 1.38 14 12.16 6 11 5 4 NA NA 5
19 6 16 1998 4.29 15 11.5 6 11 5 4 NA NA 6
19 7 19 1998 3.08 16 10.98 6 11 5 4 NA NA 6
19 8 13 1998 0 17 10.44 6 11 5 4 NA NA 6
19 9 17 1998 0.12 18 9.98 6 11 5 4 NA NA 7
19 10 15 1998 3.18 19 9.94 6 11 5 4 NA NA 7
19 11 11 1998 3.62 20 9.875 6 11 5 4 NA NA 7
19 12 11 1998 9.23 21 10.6875 6 11 5 4 NA NA 8
19 1 19 1999 NA 22 12.667 6 11 5 4 NA NA 8
20 4 10 1997 5.94 1 31.8333 5 13 11 6 NA NA 1
20 5 7 1997 5.59 2 32.2 5 13 11 6 NA NA 1
20 6 12 1997 5.15 3 31.6 5 13 11 6 NA NA 2
20 7 10 1997 2.81 4 31.6 5 13 11 6 NA NA 2
20 8 14 1997 2.52 5 30.917 5 13 11 6 NA NA 2
20 9 16 1997 2.19 6 30.917 5 13 11 6 NA NA 3
20 10 8 1997 6.6 7 31.4 5 13 11 6 NA NA 3
20 11 10 1997 4.42 8 31.9 5 13 11 6 NA NA 3
20 12 11 1997 4.96 9 31.9 5 13 11 6 NA NA 4
20 1 14 1998 7.3 10 32.3 5 .13 11 6 NA NA 4
20 2 4 1998 4.72 11 32.4 5 13 11 6 NA NA 4
20 3 5 1998 3.59 12 32.25 5 13 11 6 NA NA 5
20 4 8 1998 3.75 13 31.84 5 13 11 6 NA NA 5
20 5 7 1998 1.38 14 31.4 5 13 11 6 NA NA 5
20 6 16 1998 4.29 15 31.2 5 13 11 6 NA NA 6
20 7 19 1998 3.08 16 30.9375 5 13 11 6 NA NA 6
20 8 13 1998 0 17 30.7 5 13 11 6 NA NA 6
20 9 17 1998 0.12 18 30.44 5 13 11 6 NA NA 7
20 10 15 1998 3.18 19 30.75 5 13 11 6 NA NA 7
20 11 11 1998 3.62 20 31 5 13 11 6 NA NA 7
20 12 11 1998 9.23 21 32.209 5 13 11 6 NA NA 8
20 1 18 1999 NA 22 33.021 5 13 11 6 NA NA 8
21 4 10 1997 5.94 1 39.917 6 2 2 2 1 NA 1
21 5 6 1997 5.59 2 NA 6 2 2 2 1 NA 1
21 6 12 1997 5.15 3 36.9 6 2 2 2 1 NA 2
21 7 10 1997 2.81 4 36.5 6 2 2 2 1 NA 2
21 8 14 1997 2.52 5 35.792 6 2 2 2 1 NA 2
21 9 16 1997 2.19 6 35.375 6 2 2 2 1 NA 3
21 10 7 1997 6.6 7 35.333 6 2 2 2 1 NA 3
21 11 10 1997 4.42 8 30.3 6 2 2 2 1 NA 3
21 12 11 1997 4.96 9 35.7 6 2 2 2 1 NA 4
21 1 14 1998 7.3 10 36.7 6 2 2 2 1 NA 4
21 2 4 1998 4.72 11 37 6 2 2 2 1 NA 4
21 3 4 1998 3.59 12 36.6 6 2 2 2 1 NA 5
21 4 8 1998 3.75 13 NA 6 2 2 2 1 NA 5
21 5 7 1998 1.38 14 36.2 6 2 2 2 1 NA 5
21 6 16 1998 4.29 15 35.5 6 2 2 2 1 NA 6
21 7 18 1998 3.08 16 35.05 6 2 2 2 1 NA 6
21 8 12 1998 0 17 34.2 6 2 2 2 1 NA 6
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well cswl wd tn no3 no2 nh3 Cl ph cond do temp
21 21.25 57 -0.066 0.003 0.005 0.049 17.32 NA 317.5 0.41 17.3
21 21.67 57 -0.077 0.015 0.017 0.059 23.93 NA 309 2.18 13.6
21 NA 57 -0.023 0.008 0 0 39.17 6.54 336.2 0.21 12.2
21 21.045 57 0.041 0.014 0.015 0.034 24.71 6.801 274.7 0.12 10.2
21 18.441 57 0.047 0.011 0.002 -0.017 51.57 6.836 381.5 0.14 9.9
22 NA 34 6.32 6.385 0.002 -0.003 NA NA NA NA NA
22 NA 34 5.31 5.307 0 0.007 2.03 NA NA NA NA
22 NA 34 4.37 4.735 0 -0.006 NA NA NA NA NA
22 NA 34 3.62 3.633 0 -0.004 NA NA NA NA NA
22 NA 34 3.73 3.835 0.002 0.003 NA NA NA NA NA
22 NA 34 4.18 4.047 0 -0.001 NA NA NA NA NA
22 NA 34 4.33 4.499 0.001 0 NA NA NA NA NA
22 NA 34 4.491 4.592 0.001 0 NA NA NA NA NA
22 NA 34 6.76 6.418 0.001 0.005 NA NA NA NA NA
22 NA 34 8.658 9.187 0.001 -0.003 3.37 NA NA NA NA
22 NA 34 1.672 4.34 0 -0.013 NA NA NA NA NA
22 NA 34 6.623 7.238 0 -0.002 NA NA NA NA NA
22 NA 34 5.419 5.977 0 0.008 NA NA NA NA NA
22 NA 34 5.32 5.334 0.001 -0.019 NA NA NA NA NA
22 NA 34 4.917 5.065 0.002 0.007_ NA NA NA NA NA
22 NA 34 4.239 5.557 0 0.012 NA NA NA NA NA
22 NA 34 6.857 7.05 0 0 NA NA NA NA NA
22 NA 34 NA 9.03 0.001 -0.009 NA NA NA NA NA
22 NA 34 8.528 10.306 0.002 -0.015 NA NA NA NA NA
23 NA 75 0.17 0.229 0.001 0.003 NA NA NA NA NA
23 11.6 75 NA 0.358 0 -0.008 4.55 5.816 37.6 10.06 14.9
23 NA 75 -0.03 0.183 0.001 0.014 1.7 5.908 47.4 NA 11.6
23 12.82 75 0.46 0.182 0 0.004 1.87 5.747 37.9 7.58 13.7
23 NA 75 0.24 0.174 0.003 0.033 1.88 5.545 33.2 8.25 10.8
23 NA 75 0.35 0.308 0 0.036 NA NA NA NA NA
23 NA 75 0.9 0.796 0.002 0.072 NA 5.86 42.4 6.65 8.3
23 NA 75 0.813 0.788 0.001 0.013 NA 6.472 40.7 9.24 7.4
23 NA 75 0.725 0.658 0.001 0.016 NA NA NA NA NA
23 NA 75 1.589 1.697 0.001 -0.003 1.53 NA NA NA NA
23 NA 75 1.646 0.17 0.001 -0.005 NA NA NA NA NA
23 NA 75 1.088 0.119 0 0.003 NA NA NA NA NA
23 NA 75 1.229 1.43 0.001 0.017 NA NA NA NA NA
23 NA 75 2.023 1.925 0.003 -0.003 NA NA NA NA NA
23 NA 75 1.891 1.835 0.004 0.02 NA NA NA NA NA
23 NA 75 1.603 1.667 0.001 0.013 NA NA NA NA NA
23 NA 75 1.612 2.393 0.001 0.021 NA NA NA NA NA
23 NA 75 1.227 1.37 0.003 0.001 NA NA NA NA NA
23 NA 75 1.989 2.25 0.002 -0.014 NA NA NA NA NA
24 17.375 27 1.38 0.171 0.014 0.585 NA 6.87 209.8 0.98 18
24 NA 27 28.39 28.728 0.001 -0.004 NA NA NA NA NA
24 NA 27 25.46 25.847 0.002 0.003 NA NA NA NA NA
24 30.7 27 25.52 24.773 0.001 0 NA NA NA NA NA
26 NA 80 7.114 7.073 0.005 0.017 21.2 NA NA NA NA
26 NA 80 6.967 7.746 0.004 -0.003 13.57 NA NA NA NA
170
well mon day year prec monyr dbwt uplOO upSOO uplOOO soil strat scrint season
21 g 17 1998 0.12 18 33.42 6 2 2 2 1 NA 7
21 10 14 1998 3.18 19 33 6 2 2 2 1 NA 7
21 11 11 1998 3.62 20 NA 6 2 2 2 1 NA 7
21 12 11 1998 9.23 21 33.625 6 2 2 2 1 NA 8
21 1 18 1999 NA 22 36.229 6 2 2 2 1 NA 8
22 6 12 1997 5.15 3 NA 1 5 NA 2 1 NA 2
22 8 14 1997 2.52 5 NA 1 5 NA 2 1 NA 2
22 9 16 1997 2.19 6 NA 1 5 NA 2 1 NA 3
22 10 7 1997 6.6 7 NA 1 5 NA 2 1 NA 3
22 11 11 1997 4.42 8 NA 1 5 NA 2 1 NA 3
22 12 11 1997 4.96 9 NA 1 5 NA 2 1 NA 4
22 1 15 1998 7.3 10 NA 1 5 NA 2 1 NA 4
22 2 4 1998 4.72 11 NA 1 5 NA 2 1 NA 4
22 3 4 1998 3.59 12 NA 1 5 NA 2 1 NA 5
22 4 8 1998 3.75 13 NA 1 5 NA 2 1 NA 5
22 5 7 1998 1.38 14 NA 1 5 NA 2 1 NA 5
22 6 16 1998 4.29 15 NA 1 5 NA 2 1 NA 6
22 7 18 1998 3.08 16 NA 1 5 NA 2 1 NA 6
22 8 12 1998 0 17 NA 1 5 NA 2 1 NA 6
22 9 16 1998 0.12 18 NA 1 . 5 NA 2 1 NA 7
22 10 14 1998 3.18 19 NA 1 5 NA 2 1 NA 7
22 11 10 1998 3.62 20 NA 1 5 NA 2 1 NA 7
22 12 10 1998 9.23 21 NA 1 5 NA 2 1 NA 8
22 1 18 1999 NA 22 NA 1 5 NA 2 1 NA 8
23 7 10 1997 2.81 4 NA 2 7 NA 2 1 NA 2
23 8 13 1997 2.52 5 NA 2 7 NA 2 1 NA 2
23 9 16 1997 2.19 6 NA 2 7 NA 2 1 NA 3
23 10 7 1997 6.6 7 NA 2 7 NA 2 1 NA 3
23 11 10 1997 4.42 8 NA 2 7 NA 2 1 NA 3
23 12 11 1997 4.96 9 NA 2 7 NA 2 1 NA 4
23 1 14 1998 7.3 10 NA 2 7 NA 2 1 NA 4
23 2 5 1998 4.72 11 NA 2 7 NA 2 1 NA 4
23 3 4 1998 3.59 12 NA 2 7 NA 2 1 NA 5
23 4 8 1998 3.75 13 NA 2 7 NA 2 1 NA 5
23 5 7 1998 1.38 14 NA 2 7 NA 2 1 NA 5
23 6 16 1998 4.29 15 NA 2 7 NA 2 1 NA 6
23 7 18 1998 3.08 16 NA 2 7 NA 2 1 NA 6
23 8 12 1998 0 17 NA 2 7 NA 2 1 NA 6
23 9 16 1998 0.12 18 NA 2 7 NA 2 1 NA 7
23 10 14 1998 3.18 19 NA 2 7 NA 2 1 NA 7
23 11 10 1998 3.62 20 NA 2 7 NA 2 1 NA 7
23 12 10 1998 9.23 21 NA 2 7 NA 2 1 NA 8
23 1 18 1999 NA 22 NA 2 7 NA 2 1 NA 8
24 8 13 1997 2.52 5 NA 12 1 6 2 NA NA 2
24 10 7 1997 6.6 7 NA 12 1 6 2 NA NA 3
24 11 11 1997 4.42 8 NA 12 1 6 2 NA NA 3
24 12 11 1997 4.96 9 NA 12 1 6 2 NA NA 4
26 3 5 1998 3.59 12 NA 1 10 1 4 5 70 5
26 4 8 1998 3.75 13 NA 1 10 1 4 5 70 5
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26 NA 80 6.65 7.566 0.003 -0.007 12.5 NA NA NA NA
26 NA 80 7.075 8.053 0.001 -0.002 11.87 NA NA NA NA
26 26.5625 80 5.347 6.47 0.01 0.004 NA NA NA NA NA
26 NA 80 10.624 10.143 0.004 -0.016 7.69 NA NA NA NA
26 28.75 80 12.391 11.504 0.007 0.012 7.97 NA NA NA NA
26 28.9 80 6.296 6.685 0.039 0.043 NA NA NA NA NA
26 NA 80 5.076 5.447 0.054 0.026 15.66 NA NA NA NA
26 26.791 80 NA NA NA NA NA NA NA NA NA
26 22.042 80 NA NA NA NA NA NA NA NA NA
27 NA NA -0.05 0.045 0.011 0.065 NA NA NA NA NA
28 NA 100 12.877 12.545 0.087 0.126 9.65 NA 235.1 0.63 16.6
28 NA 100 14.201 13.455 0.136 0.219 10.15 NA 223.6 3.31 12
28 NA 100 12.819 14.143 0.053 0.061 9.48 NA 227.7 0.27 12.7
28 NA 100 14.233 13.89 0.028 0.027 NA 6.289 210.4 0.45 10.1
28 NA 100 12.104 13.457 0.028 0.021 9.64 6.503 210.1 0.4 9.3
28 NA 100 7.471 11.644 0.075 0.078 8.58 6.201 201.2 0.38 9.1
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26 5 7 1998 1.38 14 NA 1 10 1 4 5 70 5
26 6 16 1998 4.29 15 NA 1 10 1 4 5 70 6
26 7 19 1998 3.08 16 52.7675 1 10 1 4 5 70 6
26 8 13 1998 0 17 NA 1 10 1 4 5 70 6
26 9 17 1998 0.12 18 50.58 1 10 1 4 5 70 7
26 10 15 1998 3.18 19 50.43 1 10 1 4 5 70 7
26 11 11 1998 3.62 20 NA 1 10 1 4 5 70 7
26 12 11 1998 9.23 21 52.539 1 10 1 4 5 70 8
26 1 19 1999 NA 22 57.288 1 10 1 4 5 70 8
27 7 19 1998 3.08 16 NA 6 2 2 2 NA NA 6
28 8 13 1998 0 17 NA 8 5 6 4 NA NA 6
28 9 16 1998 0.12 18 NA 8 5 6 4 NA NA 7
28 10 15 1998 3.18 19 NA 8 5 6 4 NA NA 7
28 11 11 1998 3.62 20 NA 8 5 6 4 NA NA 7
28 12 11 1998 9.23 21 NA 8 5 6 4 NA NA 8
28 1 19 1999 NA 22 NA 8 5 6 4 NA NA 8
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APPENDIX F
DESCRIPTIVE STATISTICS OF CONTINUOUS VARIABLES
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pH Mean 6.256
Median 6.241
Std. Deviation 0.397
Minimum 5.100
Maximum 7.251
SC Mean 165.543
(uS) Median 166.950
Std. Deviation 63.091
Minimum 33.200
Maximum 381.500
DO Mean 4.965
(mg/L) Median 4.510
Std. Deviation 3.190
Minimum 0.060
Maximum 14.290
T Mean 11.440
(C) Median 11.200
Std. Deviation 2.196
Minimum 4.000
Maximum 19.600
PREC Mean 3.997
(in) Median 3.750
Std. Deviation 2.192
Minimum 0.000
Maximum 9.230
DSI Mean 53.310
(ft) Median 66.000
Std. Deviation 24.000
Minimum 20.000
Maximum 87.000
SWL Mean 28.388
(ft) Median 26.258
Std. Deviation 13.737
Minimum 2.750
Maximum 67.050
DBWT Mean 24.571
(ft) Median 19.900
Std. Deviation 16.272
Minimum 0.330
Maximum 71.580
TN Mean 7.954
(mg/L) Median 7.148
Std. Deviation 7.266
Minimum -0.230
Maximum 32.421
N03 Mean 8.043
(mg/L) Median 7.943
Std. Deviation 7.313
Minimum -0.022
Maximum 32.433
N02 Mean 0.003
(mg/L) Median 0.001
Std. Deviation 0.010
Minimum 0.000
Maximum 0.136
NH4 Mean 0.025
(mg/L) Median 0.001
Std. Deviation 0.081
Minimum -0.022
Maximum 0.685
Cl Mean 6.748
(mg/L) Median 5.185
Std. Deviation 5.436
Minimum 1.530
Maximum 51.570
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APPENDIX G 
INDIVIDUAL WELL DESCRIPTIVE STATISTICS
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WELL# SWL DBWT TN N03- N02- NH4-H Cl pH SC DO TEMP
1 Mean 5.24 24.68 12.25 12.01 0.001 0.002 5.31 6.20 181.9 5.72 11.9
Median 4.99 24.94 12.56 12.07 0.001 0.001 5.38 6.22 181.0 5.25 11.8
Std. Dev. 1.82 1.82 1.32 1.28 0.001 0.008 0.62 0.24 19.5 2.20 2.2
Minimum 2.75 20.81 9.25 9.76 0.000 -0.013 4.37 5.84 148.2 2.83 8.3
Maximum 9.11 27.17 14.69 14.22 0.006 0.031 6.49 6.66 256.3 10.97 15.4
2 Mean 23.24 16.01 14.80 14.36 0.001 0.003 5.32 6.17 191.1 6.89 10.6
Median 23.05 16.20 14.97 14.47 0.001 0.001 4.21 6.22 189.2 6.16 10.5
Std. Dev. 2.21 2.21 1.30 0.95 0.001 0.011 4.15 0.25 11.2 2.69 0.5
Minimum 19.33 11.79 12.73 12.74 0.000 -0.021 3.90 5.55 178.8 2.73 9.9
Maximum 27.46 19.92 17.69 16.40 0.004 0.037 22.34 6.45 235.9 14.29 11.5
3 Mean 24.31 65.11 0.03 0.01 0.004 0.040 4.90 6.58 139.2 3.73 11.8
Median 24.12 65.30 0.05 0.01 0.002 0.042 4.91 6.57 138.2 1.96 12.1
Std. Dev. 3.19 3.19 0.06 0.01 0.006 0.009 0.18 0.17 12.4 3.91 2.4
Minimum 17.84 60.25 -0.08 -0.02 0.000 0.014 4.69 6.33 110.4 0.12 7.6
Maximum 29.17 71.58 0.16 0.03 0.028 0.053 5.43 6.93 160.2 13.21 15.8
4 Mean 21.68 4.07 1.59 1.78 0.002 -0.002 2.88 5.76 77.9 3.98 13.5
Median 22.35 3.40 1.43 1.76 0.002 -0.002 2.96 5.78 79.0 3.33 14.0
Std. Dev. 1.78 1.78 1.50 1.52 0.001 0.006 0.46 0.15 12.4 2.81 1.8
Minimum 18.92 2.20 -0.23 0.04 0.000 -0.015 1.95 5.47 54.0 0.52 10.1
Maximum 23.55 6.83 6.50 6.61 0.004 0.005 3.58 5.97 110.9 11.40 15.9
5 Mean 62.72 13.70 11.80 11.77 0.001 0.030 11.18 6.48 215.6 5.11 10.8
Median 62.52 13.90 11.17 11.19 0.001 0.001 11.04 6.55 211.3 3.46 10.9
Std. Dev. 2.81 2.81 2.37 2.52 0.001 0.081 0.40 0.24 21.3 3.45 1.7
Minimum 56.82 9.38 8.32 8.04 0.000 -0.014 10.75 5.80 188.0 2.02 7.9
Maximum 67.05 19.60 17.27 16.14 0.003 0.316 11.95 6.72 274.7 13.18 14.1
6 Mean 50.42 50.58 12.67 12.53 0.001 0.001 8.80 6.47 206.0 7.85 10.6
Median 50.70 50.30 12.40 12.26 0.001 0.000 9.40 6.46 207.0 7.86 10.9
Std. Dev. 2.28 2.28 0.74 0.90 0.002 0.015 1.98 0.28 11.5 3.09 1.6
Minimum 46.17 47.40 11.39 11.33 0.000 -0.015 3.17 5.70 181.8 4.38 8.3
Maximum 53.60 54.83 13.90 14.06 0.007 0.048 9.63 7.00 222.0 14.00 13.4
7 Mean 37.74 38.68 8.78 8.67 0.003 0.001 3.60 6.21 135.5 5.70 11.1
Median 37.62 38.80 8.86 8.95 0.002 0.002 3.45 6.31 131.8 4.31 10.7
Std. Dev. 3.64 3.64 1.45 1.14 0.004 0.009 0.58 0.22 16.1 2.87 1.5
Minimum 28.22 32.73 4.51 5.52 0.000 -0.021 2.73 5.50 113.0 1.88 9.1
Maximum 43.69 48.20 11.22 9.86 0.015 0.026 4.50 6.39 184.6 11.08 14.1
8 Mean 31.01 n/a 2.12 2.15 0.002 -0.001 3.23 5.83 85.3 4.44 11.0
Median 30.60 n/a 1.06 1.15 0.002 0.001 3.20 5.87 76.9 2.16 10.6
Std. Dev. 5.00 n/a 3.18 2.88 0.002 0.007 0.68 0.13 21.5 4.28 1.2
Minimum 24.70 n/a 0.34 0.39 0.000 -0.019 2.34 5.50 68.4 0.53 9.5
Maximum 49.25 n/a 14.00 13.01 0.009 0.011 4.53 6.03 159.3 13.13 14.7
9 Mean n/a n/a 12.73 12.48 0.003 0.000 9.43 5.79 168.5 3.73 11.4
Median n/a n/a 12.50 12.11 0.002 -0.001 10.24 5.83 160.1 1.40 11.3
Std. Dev. n/a n/a 6.75 6.24 0.003 0.009 2.91 0.12 45.0 3.90 1.2
Minimum n/a n/a 3.77 4.14 0.000 -0.019 4.76 5.45 107.3 0.68 9.4
Maximum n/a n/a 27.52 26.67 0.015 0.032 13.10 5.93 262.8 12.84 14.1
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WELL# SWL DBWT TN N03- N02- NH4+ Cl pH SC DO TEMP
10 Mean 30.60 18.23 10.80 10.73 0.002 0.001 2.33 6.01 146.2 5.99 11.5
Median 30.13 18.70 11.48 11.16 0.001 0.001 2.34 6.05 144.0 5.56 10.8
Std. Dev. 4.86 4.86 1.85 1.36 0.002 0.007 0.24 0.14 17.0 2.03 2.1
Minimum 24.50 0.33 7.47 7.93 0.000 -0.011 1.75 5.68 122.9 3.42 8.2
Maximum 48.50 24.33 13.86 12.57 0.006 0.014 2.77 6.20 201.8 12.60 15.9
11 Mean 42.43 17.28 2.65 2.43 0.008 0.100 2.28 6.40 103.8 4.81 11.2
Median 42.46 17.25 2.13 2.05 0.006 0.097 2.20 6.42 99.7 3.93 10.9
Std. Dev. 4.54 4.54 1.77 1.37 0.007 0.027 0.20 0.18 12.6 3.59 1.3
Minimum 32.71 5.50 0.22 -0.02 0.001 0.050 1.95 5.87 84.1 0.50 9.5
Maximum 54.21 27.00 6.89 5.39 0.032 0.156 2.59 6.72 128.6 14.20 15.0
12 Mean 42.95 29.80 0.26 0.00 0.002 0.344 3.06 6.68 125.8 2.58 11.4
Median 43.05 29.70 0.25 0.00 0.001 0.337 2.98 6.71 124.4 0.81 11.3
Std. Dev. 2.33 2.33 0.08 0.01 0.002 0.107 0.34 0.17 10.8 3.15 1.5
Minimum 37.95 25.54 0.11 -0.01 0.000 0.038 2.55 6.20 108.4 0.13 8.8
Maximum 47.21 34.80 0.42 0.03 0.009 0.685 3.73 7.01 142.0 9.67 14.4
13 Mean n/a n/a 11.61 12.51 0.005 0.002 6.63 6.00 195.8 5.52 11.0
Median n/a n/a 9.75 10.44 0.001 0.001 6.21 5.98 188.2 4.84 10.9
Std. Dev. n/a n/a 5.05 5.15 0.012 0.009 1.11 0.17 30.5 2.40 0.9
Minimum n/a n/a 6.35 8.36 0.000 -0.013 4.98 5.75 160.5 2.21 9.9
Maximum n/a n/a 23.15 25.48 0.056 0.020 9.21 6.44 271.9 10.80 13.0
14 Mean 23.86 7.56 23.99 24.29 0.001 -0.002 11.71 5.92 276.9 5.35 11.2
Median 23.92 7.50 23.08 22.89 0.001 -0.001 10.85 5.93 262.2 4.38 11.7
Std. Dev. 1.35 1.35 5.13 4.82 0.001 0.007 2.06 0.15 31.2 2.35 1.8
Minimum 21.59 5.10 17.03 18.19 0.000 -0.019 9.39 5.63 233.1 2.02 8.3
Maximum 26.32 9.83 32.42 32.43 0.002 0.008 15.80 6.23 326.8 10.30 14.7
15 Mean 24.98 8.52 4.59 4.65 0.001 0.003 4.82 6.09 117.0 4.83 10.2
Median 25.49 8.01 3.46 3.60 0.001 0.000 4.92 6.08 112.8 4.48 10.7
Std. Dev. 3.95 3.95 2.26 2.48 0.001 0.016 1.95 0.21 32.4 2.40 2.2
Minimum 9.50 2.90 2.27 2.03 0.000 -0.014 1.84 5.65 76.2 1.18 6.3
Maximum 30.60 24.00 9.28 9.86 0.002 0.068 7.96 6.46 172.3 10.10 14.4
16 Mean n/a n/a 8.48 8.79 0.003 0.000 5.38 5.98 145.3 6.27 11.6
Median n/a n/a 8.14 8.73 0.002 -0.002 5.57 6.05 147.3 6.35 12.0
Std. Dev. n/a n/a 1.95 2.06 0.003 0.008 1.29 0.36 23.1 2.27 1.4
Minimum n/a n/a 5.41 5.30 0.000 -0.017 3.71 5.10 105.6 2.46 9.2
Maximum n/a n/a 11.78 12.30 0.010 0.018 7.20 6.54 179.8 9.28 14.1
17 Mean 28.82 9.18 10.16 10.44 0.002 -0.002 7.96 6.41 197.8 3.52 11.7
Median 28.85 9.15 10.04 10.57 0.001 -0.002 8.07 6.40 201.6 2.56 12.9
Std. Dev. 1.54 1.54 0.88 0.73 0.002 0.007 0.75 0.17 20.9 2.39 4.3
Minimum 26.50 6.17 8.78 9.03 0.000 -0.016 6.75 6.05 162.5 1.29 4.0
Maximum 31.83 11.50 11.67 11.64 0.009 0.011 9.56 6.86 226.0 10.62 18.9
18 Mean 25.52 16.94 20.63 21.09 0.002 -0.001 9.22 6.09 232.8 6.02 11.1
Median 25.57 16.89 19.49 19.94 0.002 0.001 10.34 6.06 216.8 5.59 11.3
Std. Dev. 2.64 2.64 6.79 6.80 0.002 0.008 1.99 0.18 38.6 2.40 1.3
Minimum 20.36 12.83 10.69 13.38 0.000 -0.017 5.90 5.85 185.0 1.54 8.4
Maximum 29.63 22.10 30.71 32.35 0.007 0.010 11.20 6.57 308.2 10.56 13.8
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WELL# SWL DBWT TN N03- N02- NH4+ Cl pH SC DO TEMP
19 Mean 12.72 11.61 2.32 2.38 0.002 -0.002 2.12 6.72 94.5 6.36 11.4
Median 12.88 11.45 2.15 2.25 0.001 -0.002 2.09 6.86 95.1 6.39 11.7
Std. Dev. 1.14 1.14 0.77 0.49 0.002 0.010 0.30 0.40 12.8 2.00 3.4
Minimum 10.63 9.88 1.27 1.47 0.000 -0.022 1.63 5.44 74.4 1.64 5.4
Maximum 14.46 13.70 3.60 3.28 0.005 0.014 2.82 7.07 118.0 12.47 17.3
20 Mean 13.92 31.58 2.08 2.23 0.001 -0.003 6.37 6.97 174.9 5.99 10.9
Median 13.90 31.60 2.01 2.28 0.001 -0.003 6.34 6.99 175.9 6.14 11.0
Std. Dev. 0.67 0.67 0.25 0.26 0.001 0.008 0.17 0.17 7.4 3.16 1.4
Minimum 12.48 30.44 1.58 1.25 0.000 -0.019 6.05 6.52 161.8 1.46 8.3
Maximum 15.06 33.02 2.63 2.50 0.002 0.011 6.62 7.25 189.9 11.36 13.8
21 Mean 19.23 35.44 0.02 0.01 0.003 0.010 23.92 6.69 287.5 1.93 14.0
Median 18.97 35.70 -0.03 0.01 0.001 0.002 21.55 6.74 287.2 0.54 13.9
Std. Dev. 1.99 1.99 0.24 0.01 0.005 0.020 8.40 0.14 33.2 2.56 2.8
Minimum 14.75 30.30 -0.15 0.00 0.000 -0.017 15.04 6.40 242.9 0.06 9.9
Maximum 24.37 39.92 1.02 0.03 0.017 0.059 51.57 6.89 381.5 9.49 19.6
22 Mean n/a n/a 5.30 5.92 0.001 -0.002 2.70 n/a n/a n/a n/a
Median n/a n/a 5.11 5.33 0.001 -0.001 2.70 n/a n/a n/a n/a
Std. Dev. n/a n/a 1.76 1.91 0.001 0.008 0.95 n/a n/a n/a n/a
Minimum n/a n/a 1.67 3.63 0.000 -0.019 2.03 n/a n/a n/a n/a
Maximum n/a n/a 8.66 10.31 0.002 0.012 3.37 n/a n/a n/a n/a
23 Mean 12.21 n/a 1.08 0.98 0.001 0.012 2.31 5.89 39.9 8.36 11.1
Median 12.21 n/a 1.16 0.79 0.001 0.013 1.87 5.84 39.3 8.25 11.2
Std. Dev. 0.86 n/a 0.66 0.80 0.001 0.020 1.26 0.31 4.8 1.34 2.9
Minimum 11.60 n/a -0.03 0.12 0.000 -0.014 1.53 5.55 33.2 6.65 7.4
Maximum 12.82 n/a 2.02 2.39 0.004 0.072 4.55 6.47 47.4 10.06 14.9
24 Mean 24.04 n/a 20.19 19.88 0.005 0.146 n/a 6.87 209.8 0.98 18.0
Median 24.04 n/a 25.49 25.31 0.002 0.002 n/a n/a n/a n/a n/a
Std. Dev. 9.42 n/a 12.61 13.24 0.006 0.293 n/a n/a n/a n/a n/a
Minimum 17.38 n/a 1.38 0.17 0.001 -0.004 n/a 6.87 209.8 0.98 18.0
Maximum 30.70 n/a 28.39 28.73 0.014 0.585 n/a 6.87 209.8 0.98 18.0
26 Mean 26.61 52.72 7.50 7.85 0.014 0.008 12.92 n/a n/a n/a n/a
Median 26.79 52.54 6.97 7.57 0.005 0.004 12.50 n/a n/a n/a n/a
Std. Dev. 2.77 2.77 2.42 1.88 0.019 0.018 4.65 n/a n/a n/a n/a
Minimum 22.04 50.43 5.08 5.45 0.001 -0.016 7.69 n/a n/a n/a n/a
Maximum 28.90 57.29 12.39 11.50 0.054 0.043 21.20 n/a n/a n/a n/a
28 Mean n/a n/a 12.28 13.19 0.068 0.089 9.50 6.33 218.0 0.91 11.6
Median n/a n/a 12.85 13.46 0.064 0.070 9.64 6.29 217.0 0.43 11.1
Std. Dev. n/a n/a 2.50 0.93 0.041 0.074 0.57 0.16 12.8 1.18 2.8
Minimum n/a n/a 7.47 11.64 0.028 0.021 8.58 6.20 201.2 0.27 9.1
Maximum n/a n/a 14.23 14.14 0.136 0.219 10.15 6.50 235.1 3.31 16.6
179
APPENDIX H
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SLW WD TN N03 N02 NH4 Cl pH
SWL 1.000 0.418 0.004 -0.023 0.104 0.181 -0.099 -0.032
Si .^ 0.000 0.916 0.512 0.008 0.000 0.011 0.433
WD 0.418 1.000 -0.135 -0.152 0.138 0.239 0.090 0.165
S i ^ 0.000 0.000 0.000 0.000 0.000 0.011 0.000
TN 0.004 -0.135 1.000 0.904 -0.042 -0.172 0.283 -0.232
0.916 0.000 0.000 0.195 0.000 0.000 0.000
N03 -0.023 -0.152 0.904 1.000 -0.041 -0.191 0.306 -0.236
S i ^ 0.512 0.000 0.000 0.209 0.000 0.000 0.000
N02 0.104 0.138 -0.042 -0.041 1.000 0.226 -0.070 -0.113
0.008 0.000 0.195 0.209 0.000 0.055 0.003
NH4 0.181 0.239 -0.172 -0.191 0.226 1.000 -0.097 0.107
S i ^ 0.000 0.000 0.000 0.000 0.000 0.005 0.003
Cl -0.099 0.090 0.283 0.306 -0.070 -0.097 1.000 0.052
0.011 0.011 0.000 0.000 0.055 0.005 0.181
pH -0.032 0.165 -0.232 -0.236 -0.113 0.107 0.052 1.000
Sig. 0.433 0.000 0.000 0.000 0.003 0.003 0.181
SC -0.075 0.003 0.463 0.482 -0.108 -0.083 0.656 0.088
Sig. 0.037 0.931 0.000 0.000 0.002 0.009 0.000 0.013
DO -0.095 -0.091 0.201 0.194 -0.106 -0.182 -0.084 -0.041
Sig. 0.010 0.007 0.000 0.000 0.003 0.000 0.018 0.264
T -0.035 -0.037 -0.089 -0.094 -0.024 -0.019 0.018 -0.067
Sig. 0.342 0.271 0.005 0.003 0.490 0.554 0.600 0.062
Month 0.089 -0.004 0.009 0.006 -0.004 0.140 0.018 -0.052
Sig. 0.017 0.906 0.766 0.851 0.904 0.000 0.609 0.157
Year -0.003 0.024 -0.072 -0.042 0.131 0.100 -0.017 -0.011
Sig. 0.947 0.517 0.046 0.241 0.001 0.006 0.666 0.798
PREC -0.054 -0.012 0.030 0.029 0.095 -0.056 -0.008 0.021
S i ^ 0.147 0.709 0.331 0.359 0.005 0.080 0.815 0.580
Time 0.041 0.020 -0.062 -0.036 0.125 0.150 -0.007 -0.056
Sig. 0.254 0.530 0.042 0.242 0.000 0.000 0.848 0.124
DBWT -0.024 0.583 -0.274 -0.273 0.071 0.148 0.046 0.277
Sig. 0.518 0.000 0.000 0.000 0.079 0.000 0.258 0.000
DSI 0.249 0.986 -0.783 -0.729 0.267 0.418 -0.124 0.337
Sig. 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.000
bold = Correlation is significant at the 0.05 level (2-tailed).
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SC DO T Month Year PREC Time DBWT
SWL -0.075 -0.095 -0.035 0.089 -0.003 -0.054 0.041 -0.024
0.037 0.010 0.342 0.017 0.947 0.147 0.254 0.518
WD 0.003 -0.091 -0.037 -0.004 0.024 -0.012 0.020 0.583
0.931 0.007 0.271 0.906 0.517 0.709 0.530 0.000
TN 0.463 0.201 -0.089 0.009 -0.072 0.030 -0.062 -0.274
0.000 0.000 0.005 0.766 0.046 0.331 0.042 0.000
N03 0.482 0.194 -0.094 0.006 -0.042 0.029 -0.036 -0.273
0.000 0.000 0.003 0.851 0.241 0.359 0.242 0.000
N02 -0.108 -0.106 -0.024 -0.004 0.131 0.095 0.125 0.071
0.002 0.003 0.490 0.904 0.001 0.005 0.000 0.079
NH4 -0.083 -0.182 -0.019 0.140 0.100 -0.056 0.150 0.148
0.009 0.000 0.554 0.000 0.006 0.080 0.000 0.000
Cl 0.656 -0.084 0.018 0.018 -0.017 -0.008 -0.007 0.046
0.000 0.018 0.600 0.609 0.666 0.815 0.848 0.258
pH 0.088 -0.041 -0.067 -0.052 -0.011 0.021 -0.056 0.277
0.013 0.264 0.062 0.157 0.798 0.580 0.124 0.000
SC 1.000 0.005 0.086 0.029 -0.066 -0.037 -0.044 -0.016
0.888 0.007 0.373 0.080 0.265 0.174 0.677
DO 0.005 1.000 -0.115 -0.037 -0.364 0.180 -0.353 -0.043
0.888 0.000 0.270 0.000 0.000 0.000 0.258
T 0.086 -0.115 1.000 0.169 -0.173 -0.362 -0.073 0.033
0.007 0.000 0.000 0.000 0.000 0.024 0.384
Month 0.029 -0.037 0.169 1.000 -0.293 -0.054 0.234 -0.058
0.373 0.270 0.000 0.000 0.095 0.000 0.128
Year -0.066 -0.364 -0.173 -0.293 1.000 -0.188 0.747 -0.024
0.080 0.000 0.000 0.000 0.000 0.000 0.594
PREC -0.037 0.180 -0.362 -0.054 -0.188 1.000 -0.232 0.032
0.265 0.000 0.000 0.095 0.000 0.000 0.410
Time -0.044 -0.353 -0.073 0.234 0.747 -0.232 1.000 -0.049
0.174 0.000 0.024 0.000 0.000 0.000 0.189
DBWT -0.016 -0.043 0.033 -0.058 -0.024 0.032 -0.049 1.000
0.677 0.258 0.384 0.128 0.594 0.410 0.189
DSI -0.564 -0.274 0.107 -0.003 0.047 -0.016 0.039 0.856
0.000 0.000 0.097 0.961 0.523 0.801 0.531 0.000
bold = Correlation is significant at the 0.05 level (2-tailed).
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WELL# N03 a WELL# N03 Cl
1 N03 Coef. 1.000 0.446 13 N03 Coef. 1.000 -0.368
Sig. 0.008 Sig. 0.028
Cl Coef. 0.446 1.000 Cl Coef. -0.368 1.000
Sig. 0.008 Sig. 0.028
2 N03 Coef. 1.000 -0.006 14 N03 Coef. 1.000 0.739
Sig. 0.972 Sig. 0.000
Cl Coef. -0.006 1.000 Cl Coef. 0.739 1.000
Sig. 0.972 Sig. 0.000
3 N03 Coef. 1.000 0.065 15 N03 Coef 1.000 0.485
Sig. 0.699 Sig. 0.007
Cl Coef. 0.065 1.000 Cl Coef 0.485 1.000
Sig. 0.699 Sig. 0.007
4 N03 Coef. 1.000 -0.324 16 N03 Coef 1.000 0.718
Sig. 0.054 Sig. 0.001
Cl Coef. -0.324 1.000 Cl Coef. 0.718 1.000
Sig. 0.054 Sig. 0.001
5 N03 Coef. 1.000 0.625 17 N03 Coef 1.000 0.632
Sig. 0.000 Sig. 0.000
Cl Coef. 0.625 1.000 Cl Coef. 0.632 1.000
Sig. 0.000 Sig. 0.000
6 N03 Coef. 1.000 0.244 18- N03 Coef. 1.000 0.469
Sig. 0.325 Sig. 0.005
Cl Coef. 0.244 1.000 Cl Coef 0.469 1.000
Sig. 0.325 Sig. 0.005
7 N03 Coef. 1.000 -0.270 19 N03 Coef. 1.000 0.317
Sig. 0.107 Sig. 0.059
Cl Coef -0.270 1.000 Cl Coef 0.317 1.000
Sig. 0.107 Sig. 0.059
8 N03 Coef. 1.000 0.249 20 N03 Coef 1.000 -0.278
5ig. 0.150 Sig. 0.099
Cl Coef 0.249 1.000 Cl Coef. -0.278 1.000
5/g. 0.150 Sig. 0.099
9 N03 Coef 1.000 0.801 21 N03 Coef. 1.000 -0.090
Sig. 0.000 Sig. 0.597
Cl Coef 0.801 1.000 Cl Coef. -0.090 1.000
5ig. 0.000 Sig. 0.597
10 N03 Coef 1.000 -0.079 23 N03 Coef. 1.000 -0.400
Sig. 0.649 Sig. 0.327
Cl Coef -0.079 1.000 Cl Coef. -0.400 1.000
% . 0.649 Sig. 0.327
11 N03 Coef. 1.000 0.159 26 N03 Coef 1.000 -0.714
0.344 Sig. 0.024
Cl Coef 0.159 1.000 Cl Coef -0.714 1.000
Sig. 0.344 Sig. 0.024
12 N03 Coef. 1.000 0.270 28 N03 Coef 1.000 0.000
5(g. 0.113 Sig. 1.000
Cl Coef 0.270 1.000 Cl Coef. 0.000 1.000
Sig. 0.113 Sig. 1.000
bold = Correlation is significant at the 0.05 level (2-tailed).
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